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INTRODUCTION 
The control and abatement of water pollution from 
fecal and industrial sources reached major emphasis in re¬ 
cent years. Apart from aesthetic reasons, the presence of 
fecal material in water is highly undesirable since it is 
the primary source of enteric pathogens. 
The first step in any fecal pollution control pro¬ 
gram involves the detection and quantification of fecal 
contamination. At present these determinations are made 
employing indicator organisms, mainly the fecal coliforms 
and fecal streptococci. These organisms are normal in¬ 
habitants of feces and usually occur in high numbers, out¬ 
numbering any pathogens that may be present. 
A good indicator of fecal pollution must be pre¬ 
sent in feces in readily detectable quantities; it should 
be easily quantified and should persist in water longer 
than pathogens. The coliforms and fecal streptococci, in 
the aquatic environment, generally die off at a rate slower 
than the enteropathogenic bacteria. However, it is believed 
that they do not persist as long as the pathogenic enteric 
viruses. 
Coliforms and fecal streptococci require a minimum 
of 18 hr for their presumptive identification and an 
2 
additional 2i|.-i4.8 hr is necessary for the confirmed test. 
This prolonged time for identification of these indicators 
warrants the search for an alternate indicator of fecal 
pollution in water. Coprostanol may be such an alternate 
since it is a compound known to occur in mammalian feces 
where it is the major neutral sterol and its detection and 
quantification can be completed in less than 8 hr by gas 
liquid chromatography. 
This study was undertaken to investigate the prop¬ 
erties of coprostanol and to follow its course in the 
natural environment. Emphasis was placed on its per¬ 
sistence, distribution, and recovery in order to evaluate 
the suitability of this sterol as an indicator of fecal 
pollution in water. Indicator organisms were used as a 
comparison throughout this study. 
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LITERATURE REVIEW 
Chemical structure. Structurally coprostanol is 
very similar to cholesterol. Hydrogenation of the 5>6-double 
Fig. 1 
Tissues 
A/B trans, or alio 
(5<L cholestan 3/5"-ol) 
Coprostanol 
A/B cis, or normal 
(5/ff cholestan -ol) 
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bond of cholesterol can lead to the formation of two isomers 
which differ from each other in their configuration about 
carbon 5 at the juncture of rings A and B. These two rings 
are so joined that the hydrogen on carbon 5 and the -CH^ 
group on carbon 10 are both in -/? -orientation, so they are 
cis to each other. This A/B cis type is called the normal 
series because it happens to be normal to bile acids. Nat¬ 
urally occurring saturated sterols other than coprostanol 
belong to the 5§.» or alio series. 
Tissue cholesterol is accompanied by about 2% of 
its dihydro derivative, cholestanol. In cholestanol the 
A and B rings are so joined that they hydrogen atom on 
carbon 5 is in^-orientation and the -CH^ group of carbon 10 
is in-^-orientation, hence they are trans to each other. 
The reduced cholesterol structure contains 9 centers 
of asymmetry, thus 512 stereoisomers are possible; yet 
cholestanol and coprostanol are the only isomers known to 
occur in nature (8, 9). 
Coprostanol formation. The means by which quan¬ 
tities of cholesterol are reduced to coprostanol in bio¬ 
logical systems have been studied by many workers. Thus 
far the evidence indicates that this conversion is due to 
microbial activity. As early as 1931+ Dam (5) demonstrated 
that human feces could hydrogenate cholesterol to copro¬ 
stanol in vitro, indicating that bacteria were responsible 
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for this conversion. Rosenheim and Webster (34) were able 
to inhibit the formation of coprostanol by use of the anti¬ 
microbial compound succinylsulfathiazole, and Wainfan et al. 
(45) obtained similar results using carbarsone, which in¬ 
hibits protozoan growth. Coleman and Baumann (3) found that 
penicillin and sulfasuxidine depressed the excretion of 
coprostanol with a corresponding increase in cholesterol. 
No coprostanol was found in germ-free rats, further 
strengthening the theory that bacteria are responsible for 
the formation of coprostanol (6). Direct evidence of the 
microbial nature of this transformation has been demon¬ 
strated by several workers (3> 32, 40> 41) who converted 
cholesterol to coprostanol by use of bacterial cultures 
isolated from feces. 
The site of this microbial conversion is thought 
to be the large intestines since no coprostanol has been 
found in the intestinal contents discharged from patients 
with either a terminal ileostomy or a cecostomy (11). Setty 
and Ivy (37) and Bell et al. (1) demonstrated that copro¬ 
stanol is not absorbed in the large intestine, but is 
readily metabolized when administered orally. 
Two pathways for the mechanism of coprostanol 
formation have been proposed as shown in Fig. 2. Path A 
involves a stereospecific hydrogenation of the cholesterol 
double bond. Path B involves a series of conversions from 
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Fig. 2 
Cholesterol (I) Coprostanol (IV) 
O 
/\^-Cholestenone (II) Coprostanone (III) 
cholesterol to /\^--cholestenone, followed by hydrogenation 
of the double bond to give coprostanone, and finally re¬ 
duction of the carbonyl group to yield coprostanol. 
In 1935 Schoenheimer, Rittenberg, and Graff (36) 
suggested the reactions of Path B by demonstrating the 
conversion of coprostanone-ij.,5jd^ to coprostanol in man 
and dogs. On the basis of ultraviolet absorption analysis 
Rosenheim and Webster (35) reported the presence of 
cholestenone in feces. Stadtman, Cherkes, and Anfinsen (I4.2), 
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using bacterial extracts, reported the oxidation of choles- 
tenone to acidic products. These extracts also contained a 
dehydrogenase capable of converting cholesterol to choles- 
tenone, and the possibility that this may be the first step 
in coprostanol formation is not excluded. Snog-Khaer, 
Prange, and Dam (I4.I) studied the hydrogenation of choles¬ 
terol by bacteria of human feces as well as by a number of 
bacterial extracts. They demonstrated as much as 90% 
saturation by anaerobic bacteria from human feces. They 
also noted a decrease in total sterols in some of the in¬ 
cubated mixtures. Wainfan et al. (I4.6) also found appre¬ 
ciable losses of sterol when cholesterol was incubated with 
rat feces. 
In 1954 Rosenfeld et al. (32) reported the trans¬ 
formation of isotopically labeled cholesterol to coprostanol 
in vivo (man) and in vitro. Starting with cholesterol-3d,l4.-C^, 
it was shown in the isolated coprostanol-d-C^ the isotopic 
dilution was the same for both isotopes. Had oxidation taken 
place at the hydroxyl group, an enormous dilution of deuterium 
would have occurred. On the basis of these results they sug¬ 
gested that Path A occurred. 
In an experiment designed to locate the position of 
deuterium in coprostanol, Rosenfeld, Heilman, and Gallagher 
(33) found that all the hydrogen isotope was at positions 
4 
3, 5> or 6. It was demonstrated in the double labeling 
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experiment that about 15$ of the was lost in the course 
of the reaction, indicating a breakdown of cholesterol. 
This could explain the occurrence of deuterium at the 5 or 
6 positions of coprostanol, if some of the original choles¬ 
terol had acted as a deuterium donor for the coprostanol. 
The oxidative step must have gone beyond cholestanone or 
no loss of would have been noted. These results in¬ 
dicate that the formation of coprostanol from cholesterol 
is not a simple oxidation to cholestenone, followed by 
hydrogenation, but an oxidation to cholestenone may be one 
step in the disproportionation which yields coprostanol-3, 
5,6-d^ from cholesterol -3d. 
Effect of diet on coprostanol formation. Numerous 
studies have been reported regarding the effects of diet on 
fecal sterol excretion and coprostanol formation. Gamble 
and Blackfan (10) found that when infants and adults were 
on a milk diet the main sterol excreted was cholesterol. 
Wells 04.8) reported that the inclusion of 30$ lactose in the 
diet of rats and rabbits caused inhibition of coprostanol 
formation. 
Jones et al. (22) observed an increase in the turn¬ 
over rate of serum cholesterol in humans as a result of 
feeding large amounts of decholesterolized brain powder 
and suggested that this effect may be due to an increased 
fecal excretion of endogenous cholesterol resulting in a 
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lowering of cholesterol absorption. 
Gerson (14) reported an increase in coprostanol, 
but cited no change in excretion of cholesterol when rats 
were transferred from a fat-free diet to one containing crude 
or refined corn oil. Wilson (51) found that feeding lino- 
leic acid stimulated coprostanol formation and decreased the 
amount of cholesterol present in animals. Feeding of oleic 
and palmitic acids, however, appeared to increase cholesterol 
absorption. 
Degradation of coprostanol. In his review, 
Talalay (44) discussed the degradation of the steroid 
skeleton by microorganisms; however, no mention was made 
of the biodegradation of coprostanol. He cited species of 
Mycobacteria, Nocardia, Proactinomyces, and Pseudomonas as 
being able to degrade steroids. Grundy et al. (17) reported 
that in sterol balance studies large amounts of sterols 
seem to be lost as they pass through the intestines. They 
concluded that these losses are probably due to degradation 
of the ring structure of neutral steroids by intestinal 
bacteria. Druilhet et al. (7) reported isolating two 
strains of Pseudomonas and a strain of Bacillus capable 
of utilizing cholesterol as a sole carbon source. 
Murtaugh and Bunch (30) and Smith et al. (39) re¬ 
ported that in the final effluent from activated sludge 
treatment very little to no coprostanol was detected; 
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however, the latter found the activated sludge floe con¬ 
tained considerable amounts of this sterol. 
Studying the autooxidation of cholesterol in sea 
water, Matthews and Smith (2?) found that aeration and 
96 hr exposure to ultraviolet light were necessary before 
autooxidation products of cholesterol could be detected. 
No coprostanol was detected in these experiments. 
Qualification. In the past many of the colorimetric 
methods used for quantitative determinations of sterols led 
to erroneous results because they did not accurately measure 
all the sterols present. The most widely used methods for 
cholesterol determination included digitonin precipitation 
followed by measurement of chromogenicity of the digitonide 
in the Liebermann-Burehard reaction. It was assumed that 
the color developed in this reaction was due to cholesterol. 
Coleman, Wells, and Bauman (L|.) pointed out that coprostanol 
forms a color with the Liebermann-Burchard reagent, although 
it has a lower molar absorbency index. The presence of 
sterols that are fast reacting in the Liebermann-Burchard 
reaction, for example the A7 sterols and 7-dehydrocholes- 
terol, increases the error since these sterols have higher 
molar absorbency indices than cholesterol. Wells and Mores 
(50) found that under the conditions used by many investigators 
for the preparation of digitonides, appreciable amounts of 
coprostanol digitonide remain in solution. 
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Several chromatographic methods have been advocated 
to overcome the above difficulties. Goldsmith et al. (15) 
developed a rapid method for quantitation of fecal sterols. 
Using glass papers impregnated with silicic acid, they were 
able to separate the fecal sterols into 3 main groups: a 
cholestane, a coprostane, and a ketonic fraction. The 
steroids were then quantitated by densitometry after 
charring with sulfuric acid. A similar technique was 
described by Mitchell and Diver (29) using silica gel thin- 
layer plates. After developing, the plates were sprayed 
with 1% potassium iodate in 10$ sulfuric acid and heated 
at 100 C for 20 min. This proved very suitable for scan¬ 
ning. 
Wells and Makita (lj-9) reported on the use of gas- 
liquid chromatography for the quantitative analysis of fecal 
neutral sterols. Miettinen et al. (28) described a procedure 
by which fecal neutral steroids can be isolated and separated 
into a number of groups by thin-layer chromatography. These 
groups are then treated to form trimethylsilyl ether deriv¬ 
atives which can be accurately quantified by gas-liquid 
chromatography. Similar procedures have been described by 
Murtaugh and Bunch (30) and Smith et al. (39). Ikekawa 
et al. (21) have reported the correlation between the struc¬ 
ture of sterols and the relative retention times using 
various liquid phases in gas-liquid chromatography. Horning 
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et al. (19) have published an excellent review article 
dealing with the study of steroids by use of gas phase 
analytical methods. 
Variations in quantities of fecal microorganisms 
and fecal sterols in humans. Kjellander (24) demonstrated 
that between fecal specimens of different individuals there 
was marked variation in the numbers of fecal streptococci 
and coliforms present. Gorbach et al. (15) studied the 
effects of age and diet on the recovery of fecal micro¬ 
organisms in man. They noted marked variation in the 
numbers of bacteria in people of the same age. They also 
found that a standard diet did not produce a standardiza¬ 
tion of fecal microflora. In fact as much variation 
occurred as in a similar group of persons or random, un¬ 
supervised diets. Gram negative anaerobes (Bacterioides 
species) made up the largest number of bacteria. Mata 
et al. (26) carried out a study on the microflora of 
3 groups of healthy persons as follows: 19 wholly breast 
fed infants (2-4 months old); 12 weanlings (2-3 years old); 
and 12 adults. They found 3 out of 19 infants had bacte¬ 
rioides species present in their feces, 17 out of 19 had 
coliforms, and 15 out of 19 had enterococci present. In 
weanlings, 5 out of the 12 had bacterioides, and all had 
coliforms and enterococci. In adults all had bacterioides 
and coliforms, and 11 out of 12 had enterococci. Considerable 
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variation of total counts was observed between individuals 
of each group. It should be noted that Snog-Kjaer et al. 
(l+l) implicated bacterioides species as being responsible 
for the conversion of cholesterol to coprostanol. 
The variations observed for fecal microflora paral¬ 
lels the results observed for fecal neutral sterols in 
humans. Miettinen et al. (28) compiled the data of a number 
of researchers and demonstrated that there is a great deal 
of variation between individuals with regards to the quan¬ 
tity of total neutral sterols isolated from feces. The 
quantities excreted by adults ranged from 193 to 1800 mg 
per 2\± hr. Gustafson and Werner (18) studied the fecal 
neutral sterols in infants ranging in age from 5 months 
to 1.5 years. They found cholesterol, B-sitosterol and 
compesterol to be the predominant sterols in feces of 
infants under one year of age. At about one year copro¬ 
stanol began to appear in the feces. After this time 
coprostanol, cholesterol, campesterol, 2l|.-ethylcoprostanol 
and B-sitosterol were predominant. Here again, marked 
variations were noted between individuals of the same and 
different age groups. The microorganisms involved in the 
hydrogenation of cholesterol have not been isolated. 
Survival of fecal indicator organisms in water. 
In his investigations on the survival of fecal indicator 
organisms, Kjellander (2I4.) observed that the rate of 
Ik 
reduction of coliforms and fecal streptococci was greater 
in well water at 5 C than in river water at 1 C. The total 
number of streptococci was reduced more slowly than the 
number of thermostable Escherichia coli, Houston (20) 
found that typhoid bacteria survived for 9 wk in 0 C water 
but only k wk at 18 C. Burman (2) reported that fecal 
streptococci generally outlive E. coli in shallow wells. 
Geldreich and Kenner (13) studied the survival 
of indicator organisms and Salmonella typhimurium in storm 
water at 10 C and 20 C. They found Streptococcus faecalis 
and £>. faecalis var. liquefaciens declined at a slower rate 
than S^ typhimurium at 10 C and 20 C. The persistence 
of all organisms except Streptococcus bovis was longer in 
storm waters studied at 10 C than at 20 C. Although fecal 
streptococci may persist for long periods in storm water, 
irrigation water, and even tidal water containing large con¬ 
centrations of electrolytes, they generally do not multiply 
in polluted water. However, multiplication of Aerobacter 
r 
aerogenes in some polluted waters presents a problem by 
increasing the total coliform count (2, 13). It has also 
been observed that jS. faecalis var. liquefaciens persists 
in storm water for far longer periods than any of the other 
fecal streptococci. 
Kjellander [2k) and Burman (2) found that fecal 
streptococci generally are less sensitive to marginal 
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chlorination than coliform bacteria. In his review of the 
literature Geldreich (12) noted that bacterial pollution 
indicators can be affected by many chemical factors, in¬ 
cluding BOD, concentration of ammonia, calcium, and organic 
matter. All of these factors affect the survival of 
coliforms in surface water. 
Studies on the use of coprostanol as a fecal 
indicator. In 1967 Murtaugh and Bunch (30) proposed the 
use of coprostanol as a measure of fecal pollution. They 
showed that the concentration of coprostanol in a river 
decreased with distance from the sewage outfall. Smith 
etal. (39) and Smith and Gouron (38) studied the detection 
of coprostanol in bay water. They were unable to detect 
reliably the presence of coprostanol in waters at distances 
greater than 100 meters from a domestic sewage outfall. 
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MATERIALS AND METHODS 
Collection of Samples 
A. Fecal samples. Human fecal samples were col¬ 
lected directly into a large container. Fecal samples from 
animals were obtained at the university barns, and were 
collected from 3 dairy cows, 3 horses, 3 pigs, and 6 laying 
chickens. The samples were collected with a spatula and 
all samples from one species of animal were transferred to 
a jar and pooled as a representative sample for that species. 
B. Sewage samples. Samples were obtained from the 
Amherst Sewage Treatment Plant, Amherst, Mass. Sewage for 
long-term studies was collected in 5 gal carboys; for short¬ 
term studies 2.8 liter Fernbach flasks were used. 
Samples of influent sewage (raw sewage) were taken 
at the entry of the comminuter located before the settling 
tanks. 
Unchlorinated samples of effluent were collected 
at the junction between the two settling tanks. Chlorinated 
effluent was obtained in the pump room immediately after 
chlorination. 
Unchlorinated samples of settled sewage sludge were 
obtained from the collection hopper. 
C. Stream samples. Water samples were taken at 
17 
different locations along the Mill River, a small, shallow 
brook running along Rt. 9 in East Amherst. The samples were 
collected from the side of the brook by holding Fernbach 
flasks at the surface and allowing the water to flow in. 
Water samples were taken at different stations 
along the South River, a small, mountain stream flowing from 
Ashfield Lake, Ashfield, Mass., to the center of Conway, 
Mass., a distance of about 8 mi. Because the depth varied 
from 6 in to If ft at the different stations samples were 
consistently taken from the surface as described above. 
When deep snow prevented sampling from the stream’s bank, 
a 2.5 gal bucket was lowered into the stream from a bridge 
at the station. 
Surface and subsurface samples were collected at 
the Sportsman’s Marina, on the Connecticut River, Hadley, 
Mass. Surface samples were obtained about 3 ft from the 
shore and were collected as described above. Subsurface 
samples were obtained by removing the cover of closed 
Fernbach flasks 1 ft below the surface. 
Experimental Procedures for Sterol and Lipid Analyses 
All reagents and solvents used in the extraction 
and analysis of fecal sterols were periodically tested for 
the presence of impurities that could be misinterpreted 
as sterols by thin-layer chromatography (TLC) or gas-liquid 
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chromatography (GLC). Any solvent or reagent found to con¬ 
tain impurities was discarded. The hexane and chloroform 
used for extracting the sterols were redistilled in an 
all glass still prior to use. 
All glassware employed in the analysis of sterols 
was rinsed first with hexane and then with hot tap water. 
They were then soaked for a minimum of 3 hr in hot detergent 
(Sparkleen or Cascade), rinsed again in hot tap water, and 
finally rinsed with acetone. 
Prior to extraction fecal and sludge samples were 
made into aqueous suspensions as follows: homogeneous 
samples were obtained by suspending the sample in pre¬ 
determined amounts of tap water and blending at low speed 
in an Osterizer blender for 5 min. The samples were then 
diluted to the desired concentration with tap water. 
A. Recovery of sterols from samples. Murtaugh 
and Bunch found that sodium chloride aided in the recovery 
of sterols from water (30), therefore samples were treated 
with sodium chloride so that a weight-volume ratio of 0.1$ 
sodium chloride was obtained. One hundred ml hexane were 
then added and the mixture was stirred vigorously for 15 min 
with a magnetic stirring bar, to provide adequate contact 
between hexane and water, thus insuring good extraction of 
lipids. 
The hexane layer was removed using a 10 ml wide 
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mouth pipet with a suction bulb. This was transferred to a 
250 ml separatory funnel with teflon stopcock, and the ex¬ 
cess water drawn off. When emulsified particles were pre¬ 
sent, the water in the emulsion was removed by the addition 
of 2-5 g anhydrous sodium sulfate. The hexane extract was 
percolated through 10 g anhydrous sodium sulfate and fil¬ 
tered, using a #2 Whatman filter paper, into a boiling 
flask. The separatory funnel was rinsed with 10 ml hexane 
which was added to the boiling flask. The water-free, 
hexane-soluble fraction was evaporated to dryness in a 
rotary evaporator under negative pressure supplied by a 
water aspirator. 
The residue was saponified with 5 ml of I4.0$ potas¬ 
sium hydroxide and 15 ml of 95$ ethanol for about 1 hr at 
2+2 C. This saponified mixture was transferred from the 
boiling flask to a 250 ml separatory funnel. The flask was 
rinsed 3 times with 0.85$ sodium chloride, followed by 
3 rinses with 15 ml portions of hexane. The rinses were 
added to the separatory funnel, which was then capped with 
a plastic stopper and shaken vigorously for 1 min to 
separate the hexane soluble, nonsaponifiable substances 
from the saponifiable fraction. After discarding the 
aqueous phase, the hexane was washed twice with 5 ml 
ethanol to which was subsequently added 20-30 ml of 0.85$ 
sodium chloride, and both washings discarded. The hexane 
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extract was percolated through about 10 g anhydrous sodium 
sulfate and filtered, using a #2 Whatman filter paper, into 
a 125 ml boiling flask. The hexane was again removed by 
evaporation in a rotary evaporator under negative pressure. 
The nonsaponifiable residue thus obtained was transferred 
from the boiling flask to a 5 nil ampule. Three 1 ml 
portions of chloroform were added to the boiling flask and 
each addition was removed with a Pasteur pipet and trans¬ 
ferred to the ampule. The chloroform was evaporated off 
under a stream of air in a hot water bath (50 C). 
B. Thin-layer chromatography. Using the Quickfit 
apparatus, thin layer plates were prepared as follows: 
35 g Absorbosil 1 were mixed with 52.5 nil distilled water 
and shaken vigorously for 1-1/2-2 min. This mixture was 
spread to a thickness of 0.25 nim on clean 8" x 8M plates. 
The plates were air dried and activated by heating in a 
110 C oven for 1 hr. They were then cooled and stored in 
a desiccator. 
The samples were prepared by dissolving the non- 
saponifiable residue in 50 ul chloroform. A 5-10 ul 
aliquot was spotted on the plate with a 10 ul syringe. 
Standards were analyzed simultaneously with the 
samples. The standards used were: coprostanol--supplied 
by Dr. S. M. Grundy, Rockefeller University, New York, N.Y.; 
5-cholesten-3^-ol (cholesterol), 5&-Cholestane, and 
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Dihydrocholesterol (/* -cholestanol)--supplied by Mann Research 
Laboratories, New York, N.Y. 
The plates were developed in chloroform (23) in a 
glass chamber which was lined with filter paper to saturate 
the atmosphere and thereby accelerate equilibration. De¬ 
veloping was carried out 30-i|5 win at room temperature. 
The plates were then air dried, sprayed with 10$ phos- 
phomolybdic acid in 95$ ethanol, and heated for 15 min in a 
90 C oven. The sterols appeared as dark blue spots on a 
yellow background. The results were recorded by photo¬ 
graphing the plate. 
C. Gas-liquid chromatography. Throughout this 
study gas liquid chromatography was employed for the 
quantification of fecal sterols. Analyses were performed 
on a Varian Aerograph Hi Fy, Model 600D equipped with a 
flame ionization detector (Varian Aerograph, Walnut Creek, 
Calif.). The column was a 6’ x l/8n i.d., glass U-tube, 
packed with 6$ QF-1 on Chromasorb G A/W DMCS, 60/80 mesh 
(supplied by Varian Aerograph). Injector port temperature 
was 250-260 C, and oven temperature was 200-230 C. Nitro¬ 
gen, at a flow rate of 35 ml per min, was used as the 
carrier gas. 
The standards were the same as those described for 
TLC in section B. 
Prior to injection into the gas chromatograph, the 
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sample was dissolved in 40-50 ul dimethylformamide silane 
(DMF-sil) reagent to silylate the neutral sterols. The 
DMF-sil was prepared from 40 parts hexamethyldisilazane, 
40 parts N,N-dimethylformamide, and 1 part trimethylchloro- 
silane (chemicals supplied by Applied Science Laboratories, 
State College, Pa.). Trimethylchlorosilane was added last 
since it forms a precipitate. All chemicals, as well as 
the mixture, were maintained under refrigeration. The 
DMF-sil was kept water-free, and was replaced by a fresh 
preparation every 2-3 wk. 
For injection of the sample into the gas chroma¬ 
tograph, a 10 ul Hamilton syringe was filled in the follow¬ 
ing order: 2-1/2 ul ether + 1 ul air + 1-2 ul sample 
(ether and air were used as a flush (47)). The total con¬ 
tents of the syringe was then injected into the gas chroma¬ 
tograph. The retention time was measured in centimeters 
from zero time until the recorder reached the apex of each 
peak. The area under the peak was calculated by multiplying 
1/2 base x height and the quantity of compound was determined 
by comparing the sample with the area of known standards 
using the formula: 
ug sterol = _Area sample/ul injected_ 
(Area standardx x ,_1_ j 
ul injected ug Standard/ul x ul solvent 
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D. Total lipids determination. Total lipids were 
determined by transferring the residue of the hexane soluble 
fraction to a tared 5 nil ampule, using three 1 ml portions 
of chloroform. The ampule was placed in warm water and the 
solvent was removed under a stream of air. The ampule was 
reweighed, and the increase in weight was considered to be 
the total lipids. 
Microbiological Investigations 
A. Detection and enumeration of indicator organisms 
in laboratory experiments. Coliforms and fecal streptococci 
were analyzed using the 3 tube Most Probable Number pro¬ 
cedures as outlined in Standard Methods for the Examination 
of Water and Wastewater (I4.3) - The following media were 
employed: 
1. Lactose Broth (Difco) for presumptive coliform 
test; 
2. Brilliant Green Lactose Bile Broth (Difco) for 
confirmed coliform test. 
3. Azide Dextrose Broth (Difco), modified by 
addition of 30 nig Brom Thymol Blue per liter, 
for presumptive fecal streptococci test (31). 
Ij.. Ethyl Violet Azide Broth (Difco) for confirmed 
fecal streptococci test. 
Total aerobic count was determined by inoculating 
appropriate volumes of the sample into duplicate pour plates 
of Tryptone Glucose Yeast Agar (Difco),(TGYA). 
The total anaerobic count was determined by inocula¬ 
ting each dilution of the sample into duplicate flat-walled 
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test tubes containing 0.1 ml of 1.0$ sodium thioglycollate. 
The tube was then filled to within 1-1/2 in from the top 
with TGYA made to 0.01$ sodium thioglycollate. After the 
agar solidified additional TGYA + thioglycollate was added 
to insure anaerobiosis. 
B. Detection and enumeration of indicator organisms 
in water and sewage samples. Water samples were analyzed 
for total coliforms using the membrane filter procedures 
described on page 3 of Microbiological Analysis of Water, 
Millipore Application Report AR-81. Duplicate samples of 
each quantity of water were filtered through 0.45 u pre¬ 
sterilized membrane filters. The filters were placed on 
pads saturated with 2 ml M-Endo Broth (Difco) in 50 mm 
diameter Petri dishes, and incubated 24 hr at 37 C. Col¬ 
onies with slight to heavy sheen were counted as coliforms. 
As a laboratory control, duplicate samples of 0.1 ml were 
spread on Violet Red Bile Agar (Difco). Plates were in¬ 
cubated 48 hr 37 C. Pink to red colonies were counted 
as coliforms. 
Water samples were analyzed for fecal streptococci 
using the membrane filter procedures described on page 8 of 
Microbiological Analysis of Water, Millipore Application 
Report AR-81. Duplicate samples of each quantity of water 
were filtered through 0.45 u presterilized membrane filters. 
The filters were placed on pads saturated with 2 ml of 
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KF Streptococcus Broth (Difco), (KF), with 0.01% triphenyl- 
tetrazolium chloride (TTC) added. Plates were incubated 
I4.8 hr at 37 C. Red or pink colonies were counted as fecal 
streptococci. As a laboratory control duplicate 0.1 ml 
water samples were spread on KF agar + 0.01$ triphenyl 
tetrazolium chloride using a glass spreading rod. Plates 
were incubated I4.8 hr at 37 C and dark red colonies were 
counted as fecal streptococci. 
C. Isolation of microorganisms for biodegradation 
studies. To test for biodegradation, bacteria were isolated 
from the feces of cows, horses, pigs, chickens, and humans; 
and from chlorinated and unchlorinated sewage effluent. To 
accomplish this the samples were diluted with sterile tap 
water and plated on TGYA. Colonies were picked from appro¬ 
priate plates and purified by restreaking on TGYA until all 
colonies appeared to be homologous. The cultures were 
transferred every 3 to I4. mo on Nutrient Agar (Difco), (NA), 
and held in the refrigerator. For long storage NA was pre¬ 
ferred over TGYA since it contains less sugar, with an 
anticipated lower acid production. All plates and main¬ 
tenance cultures were incubated 2l|.-lj.8 hr at 37 C. 
Soil isolates were obtained from Dr. Hope Robson, 
Marshall Hall, University of Massachusetts, Amherst, Mass. 
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Statistics 
A. Linear correlation. Methods for this cal¬ 
culation are outlined in Monroe Methods, Monroe Calculator 
Co. Linear correlation is used to determine whether a 
relationship exists between two variates. There may be a 
direct, an inverse, or no relationship between variates. 
Pearson’s coefficient of correlation for ungrouped 
data has theoretical limits of - 1. A value of r approach¬ 
ing +1 indicates a direct relationship, -1 an inverse 
relationship, and 0 no relationship. 
N xy - x y 
r = .  .. ■ - — 
/n x2 - ( x)2 v/n y2 - ( y)2 
where: N = number of samples 
x & y = two variates 
r = correlation coefficient 
B. Student t distribution test. Methods for this 
calculation are given in Statistical Inference (25). This 
* 
calculation tests the hypothesis that two population means 
are equal. 
t = - T. - 7. 
/ + i 4 ) n 
where: = the mean of a sample 
= weighted mean of several sample variances or 
pooled estimate of a population variance 
27 
n = the number of observations in a sample 
d.f = degrees of freedom (n + n - 2) 
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RESULTS AND DISCUSSION 
Part I. Persistence of Fecal Sterols and Fecal 
Indicator Organisms 
One of the most important considerations in choosing 
a fecal indicator is its persistence in nature. A good in¬ 
dicator, be it biological or chemical, should persist slightly 
longer than any enteric pathogen that might be present in 
the water. 
A series of experiments was conducted to compare 
the persistence of coprostanol with the survival of known 
bacterial indicators in feces and sewage. 
A. The effect of time and temperature on fecal 
sterols and fecal indicator organisms. Studies were con¬ 
ducted to determine the effect of time and temperature on 
the recovery of fecal sterols and fecal indicator organisms 
from undiluted sewage effluent and from 0.2$ aqueous sus¬ 
pensions of feces from humans, chickens, pigs, cows, and 
horses. The samples were incubated at 5 C and 20 C to 
approximate the winter and summer temperatures of surface 
waters. Incubation was continued for l£ days with testing 
at 5-day intervals. 
The data obtained for fecal suspensions incubated 
at 5 C are presented in Table 1. Figs. 1-7 have been 
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TABLE 1. Comparison of fecal indicator organisms and 
fecal sterols in 0.2^ animal feces held at 5 C 
Analyses Time 
(Days) 
Chicken Pig Cow Horse Euman Sewage 
Efflu¬ 
ent* 
Coprostanol 0 2.17 7.03 1.03 12.54 118.75 29.43 
ug/liter 5 0.83 0.52 - 1.1*6 153.24 112.84 
10 1.13 2.26 0.87 2.87 258.28 9.23 
15 0.70 2.4.2 0.43 - 222.22 48.49 
Average 1.21 3.06 0.58 4.22 188.12 50.00 
Cholesterol 0 2.28 5.56 0.72 8.16 43.29 7.43 
ug/liter 5 6.67 1.11 1.34 14.00 59.17 13.71 
10 1.57 1.69 1.32 2.03 67.68 - 
15 0.87 0.89 - 1.58 1*8.31; 7.28 
Average 2.85 2.31 1.13 6.kk 54.62 9.47 
Ratio Cop./Choi. 0.42 1.33 0.59 0.66 3.42 5.28 
Coliforms 0 4.0 4.0 5.0 5.7 5.0 5.0 
log count 5 2.7 3.0 5.7 5.7 5.7 5.0 
per ml 10 2.0 3.0 1+.7 5.0 k-7 5.7 
15 2.0 2.7 3.7 3-7 4.0 5.0 
Fecal Strep- 0 2.7 2.7 2.7 4-7 3.7 3.7 
tococci leg 5 2.7 3.7 2.7 3.7 3.7 3.7 
count per ml 10 2.7 2.7 2.7 k-7 3-7 3.7 
15 1.0 2.0 2.0 3.7 3.0 3.7 
Total Plate 0 5.5 6.0 7.8 6.8 5.5 6.5 
log count 5 5.5 5.4 7.5 6.5 5.3 6.2 
per ml 10 14..8 4.5 6.8 6.3 5.0 6.2 
15 5-0 4.8 6.0 5.5 5.9 5.3 
Total Anaerobic 0 6.0 6.0 6.0 6.0 4.8 6.0 
log count 5 6.0 5.4 5.7 5.7 6.5 5.7 
per ml 10 6.0 k-5 5.5 5.6 5.5 5.3 
15 5.9 k.e 5.3 k-9 5.1 5.2 
*Sewage effluent - undiluted. 
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prepared to illustrate further the data of Table 1. Fig. 1 
compares the quantities of coprostanol and fecal indicator 
organisms recovered from each of the suspensions. 
The data obtained for fecal suspensions incubated 
at 20 C are presented in Table 2. Figs. 8-llj. were prepared 
to present graphically data of Table 2. 
The data in these tables and their accompanying 
figures indicate that the recovery of coprostanol from 
animal feces varied considerably from one extraction to the 
next. With the exception of sewage effluent, more copro¬ 
stanol was recovered from the fecal suspensions incubated 
at 20 C than those incubated at 5 C. With the exception of 
the human fecal suspensions more cholesterol was recovered 
at 20 C than at 5 C. The human fecal suspensions showed a 
fairly consistent increase in the amounts of coprostanol 
recovered at both temperatures. No consistent increase was 
observed for the cholesterol recovered from the same samples. 
Generally the recovery of the fecal sterols in animal fecal 
% 
suspensions decreased with time at 5 C, but at this tempera¬ 
ture the fecal sterols in human suspensions increased with 
time to 10 days; however, a decrease in recovery was noted 
at 15 days. Sewage effluent exhibited considerable varia¬ 
tion from extraction to extraction at 5 C. The recovery of 
fecal sterols at 20 C showed considerable variation between 
extractions for all fecal specimens except human. 
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TABLE 2. Comparison of fecal indicator organisms and fecal 
sterols in 0.2% animal feces held at 20 C 
Analyses Time 
(Days) 
Chicken Pig Cow Horse Human Sewage 
Efflu¬ 
ent* 
Coprostanol 0 2.17 7.03 1.03 12.56 118.75 29.43 
ug/liter 5 8.78 o.iii 1.29 3.79 173.15 38.53 
10 4.18 2.14 13.67 262.62 45.89 
15 1.86 5.42 iiM 0.82 294.36 28.57 
Average 4.31 4.27 1.47 7.71 212.22 35.61 
Cholesterol 0 2.28 5.56 0.72 8.16 43.29 7.43 
ug/liter 5 2.51 11.98 2.99 2.90 41.27 10.97 
10 5.96 7.07 6.21 27.41 66.38 13.37 
15 2.48 k.6k 2.74 4.29 55.99 10.54 
Average 3-31 7.31 3.17 10.69 51.78 10.58 
Ratio Cop/Chol. 1.3 0.58 O.ij.6 0.72 k-1 2.2 
Coliforns 0 4.0 4.0 5.0 5.7 5.3 5.0 
log count 5 5.0 5.0 6.0 5.0 7.0 5.0 
per ml 10 6.0 5.0 5.7 3.7 7.0 Ur.7 
15 6.0 5.7 k-7 4.0 6.7 5.0 
Fecal Strep- 0 2.7 2.7 2.7 Ur-7 3.7 3.7 
tococci log 5 5.0 3.7 3.0 3.0 3.7 3.7 
count per ml 10 k-7 2. C 2.7 3.0 3.7 3.7 - 15 2.0 2.0 1.0 1.0 3.7 2.7 
Total Plate 0 5.5 6.0 7.8 6.8 5.5 6.5 
log count 5 6.6 6.2 6.6 6.8 6.0 
per ml 10 6.6 6.3 5.8 5.0 5.0 6.3 
15 6.0 6.7 5.0 6.3 6.1 6.3 
Total Anaero- 0 6.0 6.0 6.0 6.0 4.8 6.0 
bic log count 5 6.0 6.5 5.0 6.0 4.8 5.3 
per ml 10 5.9 5.9 6.0 5.0 6.9 5.0 
15 5.8 6.2 5.7 5.1 6.0 Ur- 1 
*Sewage effluent - undiluted. 
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At 5 C coliform counts in all samples dropped from 
1.3 to 2 log units over the 15-day period. At 20 C results 
for the coliform count for chicken, pig and human fecal 
suspensions increased from 0.7 to 2 log units between 0 and 
15 days. 
At 5 C the fecal streptococci counts remained fairly 
constant except for the chicken feces suspension where a 
1.7 log drop occurred between 10 and 15 days. At 20 C the 
fecal streptococci counts for the suspensions varied only 
slightly with the exception of cow and horse which dropped 
1.7 end 2 log units, respectively, between 10 and 15 days. 
B. The effect of concentration time and tempera¬ 
ture on fecal sterols and fecal indicator organisms. Studies 
were conducted to determine the effect of concentration, 
time and temperature on the recovery of the various fecal 
indicators from human feces. Table 3 lists the results 
obtained for a 0.1$ fecal suspension at 20 C and a 0.03$ 
suspension at 10 C. At the higher concentration the results 
obtained may be compared with the results already presented 
in Tables 1 and 2. The 0.1$ suspension at 20 C behaved 
similarly to the 0.2$ human fecal suspensions of Tables 1 
and 2. The more dilute system showed a fairly consistent 
concentration of coprostanol at 0-7 days, then decreased to 
the end of the incubation period. 
Similar experiments were carried out on different 
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TABLE 3« Effect of concentration, temperature, and time on 
the recovery of fecal indicator organisms and fecal 
sterols from aqueous suspensions of 
human feces 
Concen- Temp . Time Log count/100 ml Copro- Choles- 
tration Coliforms F. Strep. stand terol 
ug/liter ug/liter 
Experiment I - 3/20/69 
1 g/liter 20 C 0 5.0 5.0 83.9 25.5 
wet wt. 
4 d. 5.3 3.5 - - 
6 d. - - 239.9 60.0 
13 d. 6.1 3.7 - - 
19 d. - - 526.5 100.4 
25 d. 6.0 3.5 - - 
39 d. 5.7 2.0 - - 
Experiment II - 1/29/69 
0.32 g/liter 
wet wt. 10 c 0 5.7 4.0 28.9 3.4 
1 d. 5.0 4.0 30.8 5.9 
3 d. 3.0 2.0 12.5 3.3 
*> 
6 d. 4.0 2.0 17.4 4.3 
7 d. 3.9 2.0 33.1 27.2 
8 d. - - 22.0 6.0 
10 d. 3.9 mm 21.2 3.9 
16 d. 2.0 - 10.6 2.6 
27 d. 2.0 - 2.9 5.7 
35 d. 1.5 — 2.6 1.6 
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dilutions of sewage sludge. One dilution was held at 0-5 C 
for 13 days, the other two concentrations were incubated at 
20 C for 39 days. The results are presented in Table 1+. At 
0-5 G coliforms and fecal streptococci remained fairly con¬ 
stant using a 0.1+3$ sludge suspension, but coprostanol 
recovery was considerably reduced by the end of 13 days. 
The 1$ suspensions at 20 C showed a marked decrease in 
coprostanol at the end of 6 days, and the 0.1$ suspension 
had decreased greatly by 19 days. 
C. Effect of aeration on fecal sterols and fecal 
indicator organisms. Samples of undiluted sewage influent 
and undiluted, chlorinated sewage effluent were employed 
in aeration studies. These were held in Fernbach flasks; 
one half the flasks of each type of sewage were held as 
stationary controls. The remainder received continuous 
aeration at a rate of 100 ml per min via a 1 ml pipet which 
was inserted into the flask contents through the foil cover 
and attached to a laboratory compressed air line by means 
of a rubber hose equipped with a screw clamp to regulate 
the air flow. Incubation was continued 15 days at 20 C. 
The results obtained for the effects of aeration on 
sewage influent are presented in Table 5« For both unaerated 
and aerated samples the indicator microorganisms decreased 
with time. The results for the recovery of coprostanol in 
the unaerated samples showed a marked increase at the end 
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TABLE 4* Effect of concentration, temperature, and time on 
the recovery of fecal indicator organisms and fecal 
sterols from diluted sewage sludge 
Concen¬ 
tration Log count/100 ml Copro- Choles- 
Temp. Time Coliforms F. Strep, stand terol 
ug/ ug/ 
liter liter 
Experiment I - 1/16/69 
4-33 g/liter 0-5 C 0 
wet wt 
2 d. 
5 d. 
13 d. 
Experiment II - 3/20/69 
10 g/liter 20 C 0 
wet wt 
4 d. 
6 d. 
13 d. 
19 d. 
25 d. 
39 d. 
* 
Experiment III - 3/20/69 
1 g/liter 20 C 0 
wet wt 
4 d. 
6 d. 
13 d. 
19 d. 
25 d. 
39 d. 
7.7 6.0 125.2 56.6 
7.7 6.0 185.6 95.2 
6.5 5.0 131.7 41.3 
7.0 5.0 11.0 12.0 
7.0 6.0 112.1 38.5 
6.5 3.8 ■■ - 
- - 15.9 11.9 
6.3 2.0 - - 
- - 3.5 5.7 
5.9 1.0 - - 
5.0 1.0 - - 
6.7 5.0 11.3 3.6 
4.7 2.0 - - 
- - 33.6 8.0 
4.5 1.3 - - 
- - 1.0 5.5 
3.9 1.0 - mm 
4.2 1.0 - - 
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TABLE 5>. The recovery of fecal organisms and fecal sterols 
in unaerated and aerated sewage influent at 20 C 
Time 
(Days) 
Microorganisms log 
Coliforms F.Strep. 
count per 
Total 
Aerobes 
100 mis 
Total 
Anaerobes 
Copro- 
stanol 
ug/ 
liter 
Choles¬ 
terol 
ug/ 
liter 
Unaerated 
0 7.7 6.0 7.0 7.5 1.2 2.6 
1 7.0 5.7 9.8 8.3 - - 
5 7.0 It-. 7 8.7 7.7 2.8 8.6 
10 7.0 4-7 8.0 7.4 5-4 5.7 
15 5.7 3.0 8.0 6.0 25.4 17.8 
Aerated 
1 7.0 5.0 8.3 7.8 - - 
5 6.0 2.8 8.3 5.9 1-3 4.5 
10 6.0 2.0 7.4 7.1 5.8 2.1 
15 5.7 4-7 6.5 6.0 6.2 1.3 
5i 
of 15 days. This increase was not observed in the aerated 
samples. 
Table 6 gives the results for the effects of aeration 
on chlorinated effluent. A marked increase in all bacteria 
except fecal streptococci was observed in these samples. 
In the unaerated samples coprostanol recovery increased with 
time, while in the aerated samples coprostanol recovery 
decreased with time. 
Discussion. The concentration of coprostanol in 
animal feces was found to be much lower than in human feces. 
Murtaugh and Bunch (30) studied coprostanol levels in cow 
and pig and obtained yields comparable to those described 
in this study. The coprostanol levels from human feces 
fall within the ranges described by Miettinen et al. (28). 
At 5 C coprostanol recovery from animal feces de¬ 
creased with time, while the levels recovered in human feces 
more than doubled by the 10th day, before starting to de¬ 
cline . 
At 20 C coprostanol content was higher for all feces 
than at 5 C. Considerable variations occurred in the re¬ 
covery of coprostanol in animal feces at 20 C; however, all 
were decreasing by the end of the experiment. Coprostanol 
from human feces rose continuously throughout the incubation 
period. The increases observed for the 0.2$ human fecal 
suspensions were noted for the 0.1$ (Table 3) but not for 
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TABLE 6. The recovery of fecal organisms and fecal sterols 
in unaerated and aerated chlorinated sewage 
effluent at 20 C 
Time 
(Days) 
Microorganisms log 
Coliforms F.Strep. 
count per 
Total 
Aerobes 
100 mis 
Total 
Anaerobes 
Copro- 
stanol 
ug/ 
liter 
Choles¬ 
terol 
ug/ 
liter 
Unaerated 
0 2.7 2.0 2.7 k-3 13.3 1.6 
1 3.0 2.0 2.7 2.5 - - 
5 7.0 3.2 9.0 5.o 16.6 4.5 
10 8.0 2.0 8.0 7.o 21.9 5.8 
15 7.7 2.0 9.1 8.2 46.5 11.3 
Aerated 
1 2.0 2.0 2.7 2.0 - - 
5 7.0 2.0 8.5 5.0 9.9 4.5 
10 4.0 4.0 7.5 6 9.6 1+.9 
15 5.o 2.0 7.1 7.3 k-7 nil 
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0.03$ suspensions, indicating that the concentration of the 
fecal suspension is a critical factor in the extraentral 
synthesis of coprostanol from human feces. 
A possible explanation for the increases in copro¬ 
stanol may be found by reviewing the studies of Schoenheimer 
(36) and Rosenfeld et al. (32). They demonstrated a key 
intermediate step for the formation of coprostanol involved 
the hydrogenation of coprostanone, the ketone form of copro¬ 
stanol by fecal microorganisms. Miettinen et al. (28) have 
reported finding appreciable quantities of coprostanone 
and coprostanone-like substances in human feces. 
The levels of cholesterol found in fecal suspensions 
followed the same trends as coprostanol. From these ex¬ 
periments it does not appear that cholesterol is the imme¬ 
diate precurser in coprostanol formation. The increases 
in cholesterol may be due to the hydrogenation of choles- 
tanone, the ketone form of cholesterol. 
The numbers of indicator organisms isolated from 
the different fecal suspensions, are within the ranges found 
by Kjellander (2I|_) for horse, pig, cow, and man. The re¬ 
sults obtained for the survival of indicator organisms in 
0.2$ fecal suspensions incubated at 5 C are in agreement 
with those of Kjellander (2lj.) for fecal indicator organisms 
in river water at 1 C. 
The data for fecal streptococci at 20 C correspond 
favorably with that of Geldreich and Kenner (13) using storm 
water to suspend their test organisms. However, they showed 
marked decreases in recovery of E. coli and aerogenes, 
while the data presented here showed increases in total 
coliforms. These differences are probably due to the nature 
of the suspending medium. Storm water contains relatively 
low levels of nutrient, whereas the fecal suspensions may 
contain large amounts of substrate. 
These factors suggest that if coprostanol were 
employed as a sole indicator of fecal pollution, it would 
be possible to find low levels of coprostanol in water 
contaminated by animal feces while the indicator bacteria 
may be present in high numbers. It also has been demon¬ 
strated that the quantities of coprostanol in human feces 
can increase over a period of time at normal summer and 
winter temperatures of water. Thus the other possibility 
exists that high coprostanol levels may be recovered when 
little to no indicator organisms are present in the water. 
In the studies concerned with coprostanol recovery 
from sewage sludge (Table I4.), large quantities of coprostanol 
were detected. Smith et al. (39) obtained similar results 
in their studies of activated sludge floe. They suggested 
that the fecal sterols were physically removed by the floe. 
However, they did not rule out the possibility that active 
microbial metabolism of these sterols could occur during 
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treatment and digestion processes. 
Coprostanol in diluted sewage sludge (1%) continu¬ 
ously decreased over the course of this study. At 0.1% 
concentration, an initial increase followed by a decrease 
was noted in coprostanol recovery. These results indicate 
that large reductions in the recovery of coprostanol occur 
when a suitable period of incubation is used. It is sug¬ 
gested that microorganisms are involved in coprostanol 
degradation, and that an ecological succession occurs before 
degradation can be detected. The breakdown of coprostanol 
occurs more rapidly at higher sludge concentrations sig¬ 
nifying that the numbers of organisms involved are critical. 
These results indicate that large quantities of 
coprostanol could be degraded by exposing sewage to sludges 
as in the activated sludge treatment and incubating for 
appropriate periods of time. Murtaugh and Bunch (30) and 
Smith et al. (39) found that there were great reductions in 
the amounts of coprostanol recovered from the final effluent 
of activated sludge treatment plants. 
In the present study sewage influent and chlorinated 
sewage effluent were aerated, much lower yields of coprostanol 
were obtained than in unaerated samples. The aeration in¬ 
hibited coprostanol synthesis in these samples, but did not 
enhance degradation. 
The unaerated control samples of sewage influent and 
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chlorinated sewage effluent demonstrated a progressive rise 
in coprostanol throughout the study. In this respect an¬ 
aerobic microorganisms have been implicated as being 
responsible for the formation of coprostanol (3 > 32, l+l). 
At the time of sample collection the chlorination 
received by the sewage effluent was found to be of limited 
value in reducing the numbers of total coliforms. 
It can be concluded, that the persistence of copro¬ 
stanol is unpredictable, being dependent on many factors, 
including concentration and temperature of the substrate, 
source of the coprostanol (animal or human feces or sewage), 
and aeration of substrate. 
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Part II. Comparison of Fecal Indicator Organisms 
and Fecal Sterols in Sewage 
This study was conducted to examine the degree of 
correlation between the fecal indicator organisms and fecal 
sterols in sewage influent and sewage effluent. 
All microbial analyses were performed within 
1/2 hr after the samples were collected. 
Fecal sterols were analyzed qualitatively by thin 
layer chromatography, and quantitatively by gas liquid 
chromatography. The initial hexane extractions were 
carried out within 2 hrs after the samples were collected. 
In order to determine whether any correlation 
exists between the various parameters, the correlation 
coefficient (r) was calculated. Samples obtained at the 
same time on different days were grouped together and r 
was determined for each group. The total shown in each 
table is the r value for all the samples combined, regard¬ 
less of the time of collection. 
A. Comparison of fecal indicator organisms and 
fecal sterols in sewage influent. Samples of sewage in¬ 
fluent were obtained at a point just before the comminuter 
and analyzed for microbial counts and fecal sterol levels. 
The results for these analyses are presented in Table 7. 
Considerable variation was observed for all parameters in¬ 
vestigated. As shown in Table 8, an inverse correlation 
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TABLE 7. A comparison of fecal organisms and fecal sterols 
in sewage influent 
Microorganisms/100 mis 
x 105 Copro- Cholesterol 
Coliforms Fecal Strep- stand ug/liter 
tococci ug/liter 
Sample 
Time Date 
8 
1 
9 
9 
11 
1 
9 
11 
1 
9 
11 
1 
30 3/12/70 5 2.4 6.3 3.9 
00 3/12/70 15 2.0 11.6 9.9 
45 3/16/70 142 8.1 8.6 2.3 
20 3/17/70 26 0.5 22.2 7.3 
00 3/17/70 130 1.5 10.9 2.2 
20 3/17/70 140 0.5 5.9 5.0 
20 3/18/70 77 2.2 4.3 1.5 
00 3/18/70 1 0.05 17.0 6 .k 
20 3/18/70 74 3.0 7.4 5.5 
20 3/19/70 48 3.5 10.4 2.6 
00 3/19/70 50 2.0 7.6 2.3 
20 3/19/70 60 3.2 16.1 7.8 
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TABLE 8. Correlation coefficients for fecal indicator 
organisms and coprostanol in sewage influent 
Sample N Coliforms- 
Coprostanol 
F. Strep.- 
Coprostanol 
Coliforms- 
F. Strep. 
9:20 3 -0.97 -0.7 0.50 
1:00 3 -0.14.8 -0.92 0.63 
1:20 3 -0.72 0.65 -0.99 
Total 12 -0.132 -0.289 0.40 
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or no correlation was found between coprostanol and total 
coliforms. For fecal streptococci compared with coprostanol, 
the samples taken at 9:20 am showed an inverse relation, 
but the 1:20 pm samples showed a positive correlation. The 
r value for all samples combined yielded very poor correla¬ 
tion for all parameters, but some correlation was found be¬ 
tween the fecal streptococci and coliforms. 
The results for qualitative thin layer chromatography 
for the hexane soluble, non-saponifiable fraction of sewage 
influent are shown in Fig. 1$. There was considerable 
variation between the samples with regards to non-saponifiable 
substances. The compounds that are slightly polar, choles¬ 
terol and coprostanol, were nearer the origin than the non¬ 
polar substances, e.g., cholestane. 
B. Comparison of fecal indicator organisms and fecal 
sterols in sewage effluent. Samples of sewage effluent were 
taken at the overflow between the two settling tanks. The 
results for the data collected are presented in Table 9. Appre 
ciable variations were observed for all parameters investigated 
Table 10 contains the data for correlation coefficients 
for the different indicators. Generally, fair to good cor¬ 
relations were observed for all systems except the samples 
taken at 1:20 pm. In all cases the correlation coefficients 
for coliforms to fecal streptococci were much better than the 
correlation coefficients for indicator organisms to coprostanol 
6l 
Fig. 1$• Thin layer plates for sewage influent and effluent. 
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TABLE 9. A comparison of fecal organisms and fecal sterols 
in sewage effluent 
Sample 
Time Date 
Microorganisms/100 mis 
x 105 
Coliforms Fecal Strep¬ 
tococci 
Copro- 
stanol 
ug/liter 
Choles¬ 
terol 
ug/liter 
9 :45 3/16/70 355 1.3 18.5 3.2 
9:20 3/17/70 55 4-5 24.2 3.6 
11:00 3/17/70 55 5.5 69.0 12.2 
1:20 3/17/70 85 5.5 12.2 5.4 
9:20 3/18/70 25 1.7 30.2 5.5 
11:00 3/18/70 45 5-4 20.0 5.2 
1:20 3/18/70 40 3.1 14.6 3.2 
9:20 3/19/70 l 1.6 12.3 2.4 
11:00 3/19/70 22 4-3 15.5 5.8 
1:20 3/19/70 50 3.2 22.2 13.3 
63 
TABLE 10. Correlation coefficients for fecal indicator 
organisms and coprostanol in sewage effluent 
Sample N Coliforms- 
Coprostanol 
P. Strep.- 
Coprostanol 
Coliforms- 
P. Strep. 
9:20 3 0.603 0.22 0.90 
.1:00 3 0.782 0.64 0.992 
1:20 3 -0.24 -0.52 0.68 
Total 10 0.76 0.77 0.97 
&k 
The results for qualitative thin-layer chromatography 
for the hexane soluble, non-saponifiable fraction of sewage 
effluent are shown in Fig. 15- 
Discussion. Sewage influent consists of, among 
other things, raw, domestic fecal material as it leaves the 
sewage line prior to the comminuter. Since it has not 
undergone any blending, large variations in composition occur 
from sample to sample. This was reflected in the results for 
sewage influent where the r values obtained revealed no 
correlation when coprostanol was compared with the indicator 
organisms, and a fair correlation when coliforms were com¬ 
pared with fecal streptococci. 
Sewage effluent consists of sewage that has under¬ 
gone a blending treatment and has passed through the 
settling tank. Thus some degree of equilibration has taken 
place. Fair to good correlations were found for all para¬ 
meters. The quantities of the different indicators varied 
considerably from sample to sample. 
The variations observed for all samples with refer¬ 
ence to the indicator organisms are in agreement with the 
data presented by Kjellander (21;). 
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Part III. Recovery of Fecal Indicators from Natural Waters 
In order to determine the suitability of coprostanol 
as an indicator of fecal pollution, it was necessary to com¬ 
pare the recovery of this substance with the fecal indicator 
organisms under natural conditions. 
A. Comparison of the numbers of fecal indicator 
organisms with coprostanol in a small brook. Samples were 
taken at different times and on different days from a small 
brook, the Mill River. The microbiological analyses were 
carried out within 0.5 hr after sampling, and the hexane 
extractions for sterols were carried out within 1 hr. The 
results of these studies are shown in Table 11. The micro¬ 
bial counts at each station decreased dramatically from 
December, 1969 to March, 1970, but coprostanol levels gen¬ 
erally increased. Thus, an inverse relationship was found 
between coprostanol levels and the numbers of fecal in¬ 
dicator organisms. 
B. Effect of dilution on recovery of fecal in¬ 
dicators . A series of experiments was conducted to evaluate 
the effect of dilution on the behavior of the various fecal 
indicators under natural conditions. 
Water samples were collected at various points along 
the South River, a small, mountain stream which originates 
at Ashfield Lake, Ashfield, Massachusetts. The locations 
of sampling points are identified by their distances from 
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TABLE 11. A comparison of indicator organisms and coprostanol 
levels in the Mill River, Amherst 
Sample Number and 
Time 
Coliforms 
per 
100 mis 
Fecal Strep¬ 
tococci 
per 100 mis 
Coprostanol 
ug/liter 
#i 12/1(769 9 AM 45,000 260 0.60 
#i 12/16/69 12:30 PM 3,900 140 3.06 
#i 3/16/70 9 AM 50 10 1.23 
#2 12/4/69 9:10 AM 400,000 9,000 0.85 
#2 12/16/69 12 :i|0 PM 34,000 1,100 2.59 
#2 3/16/70 9:10 AM 350 10 3.13 
#3 12/16/69 12:50 PM 109,000 2,600 2.98 
#3 3/16/70 9:20 AM 300 840 7.88 
#1 Atlantic Service Station, Route 9 
#2 South East St. at Route 9 
#3 South East St. 50 ft from Route 9 
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the dam at the stream’s source. The sewage outfall was 
located at 0.2 mi from the dam. . These studies were carried 
out between November, 1969 and March, 1970. Bacteriological 
analyses were performed within 2 hr of sampling and the 
hexane extractions for sterols were done within 6 hr. 
The results for 6 series are presented in Tables 12- 
17. The results shown in these tables are expressed as 
microbial counts per 100 ml of water, and ug of coprostanol 
per liter. Figs. 16-21 graphically represent the data from 
Tables 12-17 with the microbial counts converted to log-^Q 
counts per liter. The correlation coefficients for this 
study are presented in Table 18. 
Fig. 16 and Table 12 show high coprostanol levels 
at the dam compared with relatively low coliforms and fecal 
streptococci. A sharp drop in coprostanol was observed at 
5.5 mi; however, at this same point coliforms and fecal 
streptococci increased slightly. No correlation was found 
for coliforms:coprostanol or fecal streptococcircoprostanol, 
but a positive correlation was noted for coliforms:fecal 
streptococci. 
Table 13 and Fig. 17 show the results obtained for 
the 2nd series. Between 0.2 mi and 2.5 mi the indicator 
organisms decreased in number but coprostanol increased. 
A pulse of coprostanol was noted at 2.5 mi. At 3.1 mi an 
increase in coliforms and fecal streptococci was observed 
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TABLE 12. Comparison of fecal indicator organisms and 
coprostanol levels in the South River* 
Sample Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
Dam 835 62 5.25 
0.2 mi 18,000 201 4.48 
2.5 mi 10,200 214 4.22 
3.1 mi 4,500 122 3.03 
4*5 mi 3,500 75 2.42 
5.5 mi 10,300 176 0.14 
7.3 mi 2,750 65 0.13 
'^Samples taken 11/11/69, 10:00-11:00 AM. 
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TABLE 13. Comparison of fecal indicator organisms and fecal 
sterol levels in the South River* 
Sample Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
0.01 mi 45,000 1,370 1.01 
0.2 mi 30,000 1,000 0.50 
1.7 mi 2,000 220 0.97 
2.5 mi 1,400 60 2.81 
3.1 mi 35,000 3,000 0.41 
^Samples taken 1/28/70, 9:15 AM. 
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TABLE 14* Comparison of fecal indicator organisms and fecal 
sterol levels in the South River* 
Sample Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
Cholesterol 
ug per L 
0.01 mi 114,000 11,800 4.26 0.59 
0.2 mi 143,000 9,400 1.54 0.57 
1.7 mi 1,500 140 0.27 0.42 
2.1 mi 2,200 410 0.23 0.55 
2.5 mi 2,100 560 0.51 0.60 
4.0 mi 1,900 220 0.42 1.13 
4.5 mi 1,100 220 0.30 1.14 
5.5 rni 1,100 200 0.22 0.72 
6.5 mi 1,700 200 0.19 0.81 
7-5 mi 10,000 220 0.28 1.13 
'"'Samples taken 1/29/70, 9:40-11:00 AM. 
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TABLE 15* Comparison of fecal indicator organisms and fecal 
sterol levels in the South River* 
Sample Colifcrms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
Cholesterol 
ug per L 
0.01 mi 1,000 100 0.71 0.72 
0.2 mi 13,000 100 0.74 nil 
1.7 mi 7,100 250 0.92 1.28 
2.5 mi 5,000 140 0.81 0.27 
I4..5 mi 1,500 70 0.73 0.76 
5-5 mi 700 70 8.33 0.6I4. 
6.5 mi 1,400 100 0.74 nil 
7.5 mi 1,100 ko 3.69 nil 
8.0 mi 1,900 50 0.83 0.65 
*Samples taken 2/13/7C, 9:C0-1C:C0 AM. 
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TABLE 16. Comparison of fecal indicator organisms and fecal 
sterol levels in the South River'* 
Sample Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
Cholesterol 
ug per L 
Dam 300 5 0.67 1.35 
0.01 mi 220 370 0.76 1.28 
0.2 mi 61,000 3,950 0.72 0.6i| 
1.7 mi 7,000 145 0.60 0.51 
2.5 mi 5,000 180 0.41 0.37 
k-S mi 1,000 120 9.70 0.50 
5.5 mi 1,450 100 0.24 0.36 
6.5 mi 1,550 70 0.14 0.60 
7.5 mi 650 90 0.34 nil 
8.0 mi 1,450 250 0.64 0.70 
approx. 
‘"'Samples 
20 F. 
taken 2/20/70, 8:30- 10:00 AM. Temp. 
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TABLE 17. Comparison of fecal indicator organisms and fecal 
sterol levels in the South River"* 
Sample Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Coprostanol 
ug per L 
Cholesteri 
ug per L 
Dam 5 0 0.83 0.05 
0.01 mi 8,150 220 2.21 0.05 
0.2 mi 22,180 770 1.43 0.09 
1.7 mi 675 30 1.51 0.13 
2.5 mi 375 45 1.09 - 
1|..5 mi 200 15 3.70 - 
5.5 mi 275 5 1.11 0.05 
6.5 mi 150 5 1.14-6 - 
7.5 mi 150 5 0.45 - 
8.0 mi 550 45 0.50 — 
-^Samples taken 3/10/70, 9:30-10:30 AM. 
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TABLE 18. Correlation coefficients for indicator organisms 
and coprostanol in the South River 
Sample N Coliforms- 
Coprostanol 
F. Strep.- 
Coprostanol 
Coliforms-F. Strep. 
11/11/69 7 -0.114 0.128 0.90 
1/28/70 5 -0.63 -0.6I4. 0.74 
1/29/70 10 0.79 0.92 0.97 
2/13/70 9 -0.52 -0.35 0.613 
2/20/70 10 -0.11 -0.10 0.606 
3/10/70 9 0.41 0.04 0.996 
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with a marked decrease in the coprostanol recovery. The 
correlation coefficients indicate an inverse correlation for 
both coliforms .’coprostanol and fecal streptococci:coprostanol 
whereas coliforms:fecal streptococci showed a positive correla¬ 
tion. 
Table II4. and Fig. 18 show the results for the third 
series. Coprostanol dropped sharply between 0.01 mi and 
0.2 mi but no comparable decrease was observed for the fecal 
indicator organisms. The correlation coefficients for all 
parameters were positive. 
The data for the i|th series are shown in Table 15 
and Fig. 19. A very sharp pulse of coprostanol was observed 
at 5.5 mi and another pulse was noted at 7.5 mi. No in¬ 
creases in fecal indicator organisms were detected at these 
locations. The correlation coefficients showed either an 
inverse or no correlation for fecal indicator organisms: 
coprostanol, and a positive correlation for coliforms: 
fecal streptococci. 
The results for the 5th series are shown in Table 16 
and Fig. 20. At 0.2 mi a sharp increase in the numbers of 
fecal indicator organisms was noted; however, this was not 
accompanied by any increase in coprostanol. At i|«5 mi a 
very sharp increase in coprostanol was observed without any 
accompanying increase in fecal indicator organisms. No 
correlation was observed for fecal indicator organisms 
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compared with coprostanol. A positive correlation was noted 
when comparing coliforms to fecal streptococci. 
Results for series number 6 are presented in Table 17 
and Fig. 21. Between 0.01 mi and 0.2 mi a considerable in¬ 
crease was noted in both the coliform and fecal streptococci 
counts with a decrease in coprostanol. At l\..% mi a pulse 
was observed for coprostanol without any corresponding rise 
in fecal indicator organisms. The correlation coefficients 
showed no correlation between fecal indicator organisms and 
coprostanol; however, a good correlation was found for the 
coliforms compared with fecal streptococci. 
Tables 19 and 20 were prepared to show the relation¬ 
ship between microbial counts and coprostanol at the dif¬ 
ferent locations on the South River. Only 2 locations, the 
dam and 0.01 mi, showed positive correlations for all 3 
parameters. The r values for all the samples combined re¬ 
vealed no correlation for fecal indicator organisms compared 
with coprostanol, but very good correlation was demonstrated 
for coliforms compared with fecal streptococci. 
C. Variations in recovery of fecal indicators over 
a period of time at the same station on the same day. Studies 
were conducted to determine the changes that occur in quan¬ 
tities of fecal sterols passing one location over a period 
of time. Concurrently attempts were made to determine 
whether there was any relationship between the total hexane 
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TABLE 19. Summation of data from South River samples 
Location Day Coliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Copro- 
stanol 
ug/l 
Dam 11/11/69 835 62 5.25 
2/20/70 300 5 0.68 
3/10/70 ,, 5 0 0.83 
Pony Barn 1/26/70 1+5,000 1,370 1.01 
1/29/70 114,000 11,800 1+.26 
2/13/70 1,000 100 0.70 
2/20/70 220 370 0.74 
3/10/70 8,150 220 2.21 
0.2 mi 11/11/69 16,000 200 k'h-k 
1/28/70 30,000 1,000 0.52 
1/29/70 lij.3,000 9,400 1.56 
2/13/70 13,000 100 0.74 
2/20/70 61,000 3,950 0.7 2 
3/10/70 23,500 770 1.43 
1.7 mi 1/28/70 2,000 220 0.97 
1/29/70 1,500 140 0.25 
2/13/70 7,100 250 0.93 
2/20/70 7,000 145 0.59 
3/10/70 950 400 1.52 
2.5 mi 11/11/69 5,400 214 4.22 
1/28/70 1,400 60 2.82 
1/29/70 2,100 560 0.52 
2/13/70 5,000 140 0.81 
2/20/70 5,000 180 0.41 
3/10/70 550 45 1.08 
I4..5 mi 11/11/69 2,000 75 2.41 
1/29/70 1,100 220 0.30 
2/13/70 1,500 70 0.74 
2/20/70 1,000 120 9.70 
3/10/70 150 15 3.70 
5.5 mi 11/11/69 10,600 176 0.15 
1/29/70 1,100 200 0.22 
2/13/70 700 70 8.35 
2/20/70 1,450 100 0.22 
3/10/70 350 5 1.11 
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TABLE 19.--Continued 
Location Day Goliforms 
per 
100 mis 
Fecal Streptococci 
per 100 mis 
Copro- 
stanol 
ug/1 
6.5 mi 1/29/70 1,700 200 0.19 
2/13/70 1,400 100 0.74 
2/20/70 1,550 70 0.15 
3/10/70 200 5 1.48 
7.5 mi 1/29/70 10,000 220 0.30 
2/13/70 1,100 40 3.70 
2/20/70 650 300 0.33 
3/10/70 100 5 0-44 
8.0 mi 2/13/70 1,900 50 0.82 
2/20/70 1,450 250 0.63 
3/10/70 4oo 45 0.52 
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TABLE 20. Correlation coefficients for indicator organisms 
and coprostanol for each location of South River samples 
Sample N Coliforms to 
Coprostanol 
F. Strep, to 
Coprostanol 
Coliforms to 
F. Strep. 
Dam 3 0.63 0.91 0.90 
0.01 mi 5 0.72 0.77 0.78 
0.2 mi 6 -0.25 -0.30 0.97 
1.7 mi 5 -0.63 0.99 0.4 
2.5 mi 6 0.14 -0.16 0.59 
4-5 mi 5 -0.17 -0.04 0.77 
5*5 mi 5 -0.36 -0.09 0.68 
6.5 mi 4 -0.92 -0.88 0.97 
7.5 mi 4 0.03 -0.18 0.75 
8.0 mi 3 0.91 -0.11 0.39 
Total 1+6 0.06 0.007 0.95 
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extractable fraction and coprostanol levels. Table 21 and 
Fig. 22 show the data obtained from the South River at a 
location l\..$ mi from Ashfield Lake dam. This location was 
chosen because high coprostanol levels had been observed 
with no corresponding increase in fecal indicator organisms. 
Hexane extractions for fecal sterols were carried out within 
6 hr from the time of sampling collection. The samples were 
collected April 23, 1970. 
Small pulses of coprostanol were observed for 
samples 1, 3, Ij-, and 11. Sample 11 had a very high choles¬ 
terol peak and total lipids. It appears that there is about 
1000 times more total lipid matter than coprostanol in 
these water samples. 
Studies were conducted to determine the changes that 
occur in the numbers of fecal indicator organisms passing 
one location over a period of time. Coprostanol concentra¬ 
tions were also determined. The samples were collected on 
July 2, 1970 from the South River at 0.2 mi from the Ashfield 
Lake dam, a location where high fecal indicator organism 
counts had been detected. Samples were immediately analyzed 
for fecal indicator organisms using a Millipore field sampling 
kit. The hexane extraction for coprostanol was made within 
6 hr after the samples were collected. The results for this 
study are shown in Table 22 and Fig. 23. 
Coprostanol was in very low yield compared to the 
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TABLE 21. Comparison of fecal sterols with hexane soluble 
fraction in samples taken at station 1^.5 mi on 
the South River* 
Sample 
No. Time 
Fecal Sterols 
Coprostanol 
ug/liter 
Cholesterol 
Total Hexane 
Soluble Fraction 
mg/liter 
1 9:00 0.626 0.322 1.15 
2 9:15 nil 0.618 1.0 
3 9:30 1.54 nil 0.95 
4 9:145 1.67 
n 
1.55 
5 10:00 nil 
M 1.52 
6 10:15 0.135 
If 3.26 
7 10:30 0.122 M 2.04 
8 10:^5 nil 
11 
1.74 
9 11:00 0.073 
ft 1.81 
10 11:15 0.168 0.121 1.19 
11 11:30 0.865 9.61+ 7.1+ 
12 11:45 0.038 nil 1.11 
13 12:00 0.042 
t» 0.74 
^Samples taken 1+/23/70. 
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TABLE 22. Comparison of fecal indicator organisms and 
coprostanol in samples taken at station 0.2 mi 
on the South River 
Sample Microorganisms/100 ml Coprostanol Correlation 
Time Coliforms Fecal Strep- ug/1 Coefficient 
AM tococci 
8; 25 90,000 8oo 0.50 Coli.:Cop. 
8:35 128,000 4,300 0.27 0.67 
8:45 265,000 i,85o 0.74 
8:55 207,000 1,200 0.42 F. Strep.:Cop. 
9:05 100,000 900 0.16 0.38 
9:15 42,000 500 0.18 
9:25 41,ooo 55o 0.30 F. Strep.:Coli. 
9:35 83,000 100 0.22 0.52 
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counts obtained for total coliforms and fecal streptococci. 
The numbers of coliforms were at their highest at 8:1+5 am 
and fecal streptococci were highest at 8:15 am. A fair 
correlation was observed for coliforms:coprostanol and 
coliforms:fecal streptococci, and a poor correlation was 
noted for coprostanol:fecal streptococci. 
D. Comparison of surface and subsurface water 
sampling. The following experiment was performed to deter¬ 
mine if significant differences occurred in the quantifica¬ 
tion of the various fecal indicators when river water samples 
were taken from both the surface and subsurface. The results 
for this experiment are presented in Table 23. Using 
’’student’s t test,” at %% significance level, the population 
means of both surface and subsurface samples proved to be 
equal for all parameters. The critical regions for t with 
6 degrees of freedom are where t <-2.i+47 and t;> 2.1+47; t for 
coliforms = -1.54? t for fecal streptococci = 1.67; t for 
coprostanol = 1.75* There were no significant differences 
between surface and subsurface sampling. 
Discussion. The analysis of the data from a small 
brook revealed that fecal indicator organisms were greatly 
reduced in numbers over the 3 winter months, while copro¬ 
stanol levels increased. These results indicate either 
that the coprostanol levels were stable while the fecal 
indicator organisms were decreasing, or that the subsequent 
92 
TABLE 23. The effect of surface and subsurface sampling" 
on the recovery of indicator organisms, fecal sterols, and 
total hexane soluble fraction 
Microorgani sms/100 mis Fecal Sterols ug/L Total 
Sample Coliforms F. Strep. Copro- Choles- 
stanol terol 
Lipids 
mg/L 
Surface 
1 1,500 12 0.062 0.266 2.7 
2 3,000 16 0.091 0.117 1.1+ 
3 2,000 28 0.044 0.164 1.1 
4 1,500 76 0.546 0.105 1.5 
Average 2,000 33 0.186 0.I63 1.68 
Subsurface 
5 2,500 4 0.600 0.065 3.3 
6 2,500 16 0.074 nil 1.2 
7 1,500 4 O.56O 0.087 1.5 
8 3,500 J3 0.037 0.132 2.7 
Average 2,500 8 0.318 0.072 2.18 
'“‘Connecticut River - at Sportsman’s Marina, Hadley, 
Mass. Samples taken at 9 AM 5/H/70. 
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dilution did not affect the coprostanol to the extent that 
it affected the concentration of bacteria. 
Using the student’s t-distribution test no signif¬ 
icant difference was found between samples collected from 
the surface and those from the subsurface. 
In a number of studies performed in the South River, 
to determine the effects of dilution, pulses of high con¬ 
centration of coprostanol not accompanied by corresponding 
increases in indicator organisms were observed at stations 
I4..5 and 5*5 mi. These results indicate that coprostanol 
may be coalescing or it may be concentrating in some sub¬ 
stance which does not distribute itself uniformly in the 
water, e.g., a lipid-like compound. The stream was much 
deeper and much less turbulent at stations 4*5 and 5*5 mi 
than at any other sampling locations. This may permit the 
lipids to coalesce and rise to the surface whereas the 
microorganisms may be unaffected. Such an occurrence could 
explain why in other instances high levels of indicator 
organisms were accompanied by relatively low levels of 
coprostanol. 
The correlation coefficients calculated for the 
various parameters indicate very poor correlation when the 
indicator organisms were compared with coprostanol. How¬ 
ever, as expected, a good correlation was generally obtained 
when coliforms were compared with fecal streptococci. 
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Murtaugh and Bunch (30) showed that the concentration 
of coprostanol decreased progressively with distance from 
the sewage outfall in a river. In this study (Table 12) only 
one of the six experiments exhibited a progressive dilution 
of coprostanol. Although Murtaugh and Bunch did not determine 
the levels of bacterial indicators, the results of the present 
study indicate that poor correlation exists between the levels 
of coprostanol and the levels of indicator organisms around 
the sampling sites of the South River. Of the 6 experiments 
reported, only one demonstrated fair to good correlation 
among all parameters (Table 14). 
In the aqueous environment indicator organisms will 
behave in a manner similar to enteropathogenic bacteria (13). 
Since a chemical indicator cannot respond in the same manner 
as microorganisms, it is desirable that the concentration of 
the chemical correlate with the numbers of indicator organisms. 
Very poor correlation was found between coprostanol and these 
organisms in the natural environment, which casts some doubts 
as to the applicability of the coprostanol analyses for the 
quantitative determination of fecal pollution. 
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Part IV. Factors Affecting the Recovery of Coprostanol 
In previous sections of this thesis, the results 
indicated that very large variations occurred in the re¬ 
covery of coprostanol from a variety of different sources 
including fecal suspensions, sewage, and polluted stream 
water. In the present section attempts will be made to 
explain these variations. 
A. Coprostanol recovery from autoclaved and un¬ 
autoclaved suspensions of human fecal samples. It was 
reported (Part I) that the recovery of coprostanol from 
0.2$ suspensions of human feces increased with time. The 
following experiment was designed to determine if micro¬ 
organisms were responsible for these increases. Aliquots 
of IpOO ml suspensions were dispensed into 500 ml Erlenmeyer 
flasks. One half of the samples were covered with cotton 
plugs and aluminum foil and autoclaved 15 min at 121 C. 
The other half were covered with a double layer of aluminum 
foil and were held at unautoclaved controls. 
To ascertain whether samples contained viable 
microorganisms, 0.1 ml portions from the autoclaved samples 
were inoculated into BHI broth. A loopful of fecal sus¬ 
pension from the unautoclaved samples was inoculated into 
BGLG, M-AD, and BHI, to assure that viable bacteria were 
present after blending. No growth occurred in the auto¬ 
claved samples, while good growth was observed in all tubes 
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of unautoclaved samples. 
Analyses for fecal sterols were made on 100 ml portions 
at each time interval. Hexane extractions were carried out 
in a 250 ml separatory funnel with teflon stopcock; 100 ml 
sample plus 75 ml hexane plus 1 ml saturated sodium chloride 
solution were added to the funnel and the mixture shaken 
vigorously for 1 min and the two layers allowed to separate. 
The procedure then followed the regular procedure described 
in Materials and Methods. The results for this experiment 
are listed in Table 2ij-. 
Unautoclaved samples yielded increases in copro- 
stanol recovery between 0 time and 7 days. High yields of 
coprostanol were observed after II4. days when low incubation 
temperatures (20 C) and moderate concentrations of fecal 
suspensions (0.2$) were employed. When high incubation 
temperatures (37 C) and moderate concentrations of fecal 
suspensions (0.2$) were employed an increase in coprostanol 
synthesis was observed after 7 days, followed by a sharp 
decrease after II4. days. 
No significant changes were observed for coprostanol 
in the autoclaved samples of Experiments I and II. 
B. Effect of dilution on recovery of fecal sterols 
from feces. This experiment was conducted to determine 
whether a dilution factor affected the recovery of copro¬ 
stanol. Aliquots of 10 ml of l\.% human fecal suspensions 
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TABLE 24* Recovery of fecal sterol from autoclaved and 
unautoclaved suspensions of human feces 
Coprostanol ug/0.2 g Cholesterol ug/0.£ g 
Days Unauto.Auto.Unauto, Auto. 
Experiment I - incubated at 20 C 
0 59 65 12 17 
7 110 78 17 14 
14 144 78 18 9 
Experiment II - incubated at 37 C 
0 76 61 5 6 
7 99 76 7 8 
14 15 69 nil 8 
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were added to I4. oz covered jars, and 100 ml tap water was 
added to half the jars as a means of dilution. Diluted 
(0and undiluted samples were incubated at tem¬ 
peratures of 5 C, 25 C, and 37 C. The results are shown in 
Table 25. Diluted samples incubated at 25 C and 37 C showed 
decreased recovery of coprostanol compared with the quan¬ 
tities detected at 0 time. The sample incubated at 5 C 
showed no change in fecal sterols when compared with 
sterol recovery at 0 time. Results for all undiluted 
samples showed a marked decrease in coprostanol recovery 
when compared with diluted samples. 
C. Variations of fecal indicator organisms and 
coprostanol in human feces. The following study was con¬ 
ducted to determine the amount of variation that may occur 
in a single sample. Three fecal specimens collected from 
3 different individuals were subdivided into three 10 g 
samples each. Table 26 contains the results for the 9 samples 
run in this experiment. Fig. 2l\. shows the thin layer 
chromatography for these samples. 
Considerable variation was detected for the total 
coliforms and coprostanol but much less variation was found 
for fecal streptococci. The highest levels of coprostanol 
and the lowest numbers of coliforms and fecal streptococci 
were detected in the 2-1/2 year old child. Positive cor¬ 
relations for all parameters were also obtained here. It 
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TABLE 2f>. Effect of dilution of fecal suspension on the 
recovery of fecal sterols 
Temperature Water Added 
to a ^ 
Fecal 
Suspension 
Time 
Days 
Coprostanol 
ug/sample 
Cholesterol 
ug/sample 
- - 0 120 31 
37 C 100 5 24 9 
37 C - 5 3 10 
25 c 100 5 24- 8 
25 c - 5 3 3 
5 c 100 5 120 30 
5 c — 5 29 14- 
100 
TABLE 26. Variations in the recovery of fecal indicator 
organisms and coprostanol from human feces'"' 
Sample 
Microorganisms/g 
wet wt x 10^ 
Coliforms Fecal 
Strepto 
cocci 
Coprostanol Correlation 
ug/10 g Coefficient 
wet wt 
Child of 1- 1/2 yrs 
1 2.5 12.0 I4.I4.O. Coli.:Cop.=0.98 
2 22.5 5.0 380. F.S.:Cop. =-0.34 
3 165.0 6.0 1650. Coli.:F.S.=-0.48 
Average 63.3 7.7 820. 
Child of 2- 1/2 yrs 
1 10.5 6.5 3040. Coli.:Cop. = 0.94 
2 U4..0 7.5 2760. F.S.:Cop. = 0.96 
3 o.5 3.0 370. Coli.:F.S.= 1.00 
Average 8.3 5.7 2060. 
Adult 
1 16.0 28.5 580. Coli.:Cop.=-0.70 
2 6.5 30.5 1560. F.S.:Cop. = O.48 
3 15.0 41.5 1390. Coli.:F.S.= 0.28 
Average 12.5 33.5 1140. 
,rEach stool specimen was divided into three 10 g 
portions and treated as individual samples. 
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Fig. 2U. TLC of fecal sterols in human feces. 
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should be noted that bowel movements occurred about once 
every 2 days for this child. A good correlation was found 
for coliforms:coprostanol in the 1-1/2 year old child but 
no correlation was found for other parameters. An inverse 
correlation was observed in the adult for coliforms:copro- 
stanol, a poor to fair correlation for fecal streptococci: 
coprostanol and no correlation for coliformsrfecal strep¬ 
tococci . 
The recovery of coprostanol in infants was deter¬ 
mined. The results, in Fig. 25, exhibited the rather 
sudden appearance of coprostanol in an infant’s feces. 
In sample N12/12 from a 13 mo, lOd old child much more 
cholesterol than coprostanol was detected. In the same 
child at 13 mo, 19d the cholesterol was almost equal to 
the coprostanol, and at 13 mo, 22d coprostanol was in higher 
concentration than cholesterol. High cholesterol and low 
coprostanol were also found in K12/26, a 1 mo, 26d old 
infant. 
D. Recovery of fecal sterols added to autoclaved 
and unautoclaved water samples of varying quality. A study 
was undertaken to determine if the recovery of fecal sterols 
would be affected by the quality of water from which the 
sterols were extracted. Samples of water (laboratory tap, 
laboratory distilled, Quabbin Reservoir, and Fort River, 
Rt. 9, Amherst) were compared with 5 mo old suspensions of: 
Z.U >07. <" 
*rr. £f* 
\ J<»** *** 
1 
Effect of infants’ age on the recovery of 
fecal sterols. 
Fig. 25. 
10k 
sewage sludge, cow feces, and human feces. Each sample, 
except the tap water, was divided into 2 portions. One 
portion was autoclaved 15 min at 121 C, and the other was 
not autoclaved. The tap water was divided into 3 portions. 
Two portions were treated as above and the third received 
fecal sterol prior to autoclaving. One hundred ug of fecal 
sterol dissolved in ethanol were then added to each of the 
samples and held at room temperature for 72 hr prior to 
sterol analyses. Results are shown in Fig. 26. Much 
higher concentrations of coprostanol were found in un¬ 
autoclaved samples compared to autoclaved. In tap water 
no difference in yields of coprostanol was noted whether 
fecal sterols were added prior to, or after autoclaving. 
The pH values for unautoclaved water samples ranged from 
4.2-5.2, and the unautoclaved suspensions ranged from 
5.8-7.2. 
In order to show that in both autoclaved and un¬ 
autoclaved samples more coprostanol was recovered from water 
than from fecal and sewage sludge suspensions, the student's 
t-distribution test was computed, at the 5% significance 
level. The critical regions for t with 6 degrees of freedom, 
are where t<^-2.41|-7 and t^>2.kk7» The t-value for unauto¬ 
claved samples was computed to be 10.0$, indicating sig¬ 
nificantly more coprostanol was recovered from the water 
samples than the suspensions. The t-value for autoclaved 
N
a
tu
ra
l 
W
at
er
s 
105 
CO 
0 
rH 
Cl, w 
rj 
to 
U 
0 
-P 
cd 
£ 
X) 
0 > 
ct) 
i—I 
O 
o 
• 
CTJ 0 
q tio 
3 x 
d 
X i—I 
CO § 
0 
X fcuO 
0 rt 
> £ 
0 
CO 3 
o 
o 
-P 
. cd 
e 
o u 
'M Ch 
H <H 
O O 
CO 
0 
O 
0 
-P 
to 
o 
c o 
•H 
CO 
C 
Ph 0 o P-, 
o co 
p 
«H W 
° X 
0 
> o 
o 
0 u 
0 
X Eh 
o 
vO 
CM 
o 
bO 
s 
ug coprostand recovered 
106 
samples was computed to be 9.01, likewise indicating more 
coprostanol recovered from the water than suspensions. 
E. Recovery of coprostanol from added lipids in 
water. In part III the occurrence of a coprostanol pulse 
was observed in the South River, and the suggestion was made 
that coprostanol may be concentrating in a lipid-like 
fraction. Two experiments were run as follows: Experiment 
I--known quantities of olive oil were added to 350 ml water 
plus 15 ug coprostanol in 500 ml Erlenmeyer flasks; 
Experiment II--known quantities of olive oil were added to 
2.5 liters of water plus 10 ug coprostanol in 3 liter 
Erlenmeyer flasks, 5 liters water plus 10 ug coprostanol 
in a 6 liter Erlenmeyer flask, and 10 liters water plus 
10 ug coprostanol in a 12 liter carboy. After the addition 
of olive oil the contents of the containers were mixed for 
10 min with a magnetic stirring bar. The oil layer was 
then skimmed off the surface with a 10 ml propipet and 
transferred to a separatory funnel where any water carried 
over was drawn off and returned to the water container. 
The water sample was then subjected to hexane extraction. 
The oil layer was mixed with hexane and evaporated under 
vacuum in a rotary evaporator. The residue was saponified 
and analyzed. The results of these experiments are presented 
in Table 27. 
When 10 ml of olive oil were added to 350 ml water 
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TABLE 27. Recovery of coprostanol 
water mixture 
from an olive oil and 
Water 
liters 
Olive Oil 
mis 
ug Coprostanol 
added/sample 
ug Coprostanol 
Oil Water 
Recovered 
Total 
Experiment I 
0.35 - 15 - 15.2 15.2 
0.35 10.0 15 12.6 0.5 13.1 
0.35 1.0 15 10.3 3.6 13.9 
0.35 0.1 15 10.1 3.3 13.4 
Experiment II 
2.5 1.0 10 8.5 1.0 9.5 
2.5 0.1 10 4.0 5.0 9.0 
5.0 0.1 10 2.5 5.5 8.0 
10.0 0.1 10 1.0 6.5 7.5 
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96$ of the recovered sterols were removed by the oil. When 
1 ml or 0.1 ml of olive oil was used about 75$ of the added 
sterols was recovered from the oil layer, and the sum of the 
quantities of coprostanol extracted from the 2 layers was 
equal to about 90$ of the original coprostanol added. In 
2.5 liters of water, when 1 ml of oil was used for extracting 
the coprostanol, 89$ of the coprostanol recovered was in 
the oil layer. When 0.1 ml of oil was used the recovery of 
coprostanol from the oil layer was reduced to about 44$ of 
the recovered sterol. In 5 liters of water with 0.1 ml of 
oil added, 30$ of the recovered coprostanol was found in the 
oil layer, and the combined yield from both layers was 80$ 
of the added coprostanol. When 0.1 ml of oil was added to 
10 liters, only 13$ of the recovered coprostanol was in the 
oil layer and the combined recovery was 75$ of the total oil 
added. 
Discussion. The results for human fecal suspensions 
(Table 24) indicate that the synthesis and degradation of 
coprostanol are brought about by microorganisms, since no 
activity was exhibited in autoclaved suspensions. In un¬ 
autoclaved fecal suspensions the incubation temperature 
(Table 24) and concentration (Table 25) greatly influenced 
the biological reactions involving coprostanol. Low tem¬ 
perature (20 C) and moderate concentration (0.2$) favor 
coprostanol synthesis, while high temperature (37 C) and 
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high concentration (l\.%) enhance coprostanol degradation. 
Several authors have reported on the microbial nature 
of coprostanol synthesis (3, 32, i^l). The organisms respon¬ 
sible for the synthesis of coprostanol were probably present 
in high numbers at the beginning of incubation since increases 
were noted before degradation began. Bacteriodes have been 
implicated as being involved in coprostanol synthesis (I4.I), 
and this group appears to be predominant in human feces (15, 
26, 14.1). 
In moderate concentrations of fecal material (0.2%) 
organisms which bring about degradation of coprostanol were 
probably in low numbers initially, since no losses of copro¬ 
stanol were observed. If high concentration (l\.%) suspensions 
were used degradation was observed quite early in the in¬ 
cubation period. It appears that a definite concentration 
of microorganisms may be required to initiate degradation 
and that 37 C may be the optimum temperature. This hypo¬ 
thesis is substantiated by the observations of Grundy et al. 
(16) who found that large amounts of fecal sterols were 
lost on passage through the intestines. They concluded 
that intestinal bacteria may be responsible for these 
losses. 
In studies concerned with the recovery of copro¬ 
stanol from infants, large quantities of this chemical, 
comparable to the amounts found in feces from adults, were 
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found to occur rather suddenly at about 1 year of age. These 
results corroborate the findings of Gustaffson and Werner 
(17). 
Significantly more coprostanol was recovered from 
unautoclaved samples of water and suspensions of feces and 
sewage sludge than from comparable autoclaved samples. It 
is possible that in unautoclaved samples dissolved gases 
act as foci which allow the sterols to remain in suspension 
and be readily extracted with hexane. In autoclaved samples 
the heating expels dissolved gases. Thus when coprostanol 
was added some of the suspended sterol may have settled on 
the glass walls of the flask and may not have been removed 
by hexane extraction. 
All water samples yielded appreciably more copro¬ 
stanol than the suspensions after 72 hr incubation. The 
suspensions had large quantities of solids and were within 
the pH range conducive to bacterial activity. It is pos¬ 
sible that sterol degrading microorganisms were present 
which may have reduced the levels of coprostanol. A 
second explanation, and perhaps a more realistic one for 
this observation, may be the complexing of coprostanol with 
suspended solids resulting in a compound which is less 
readily extracted with hexane. 
When olive oil was used to concentrate coprostanol 
from water high yields were obtained in all cases except 
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where 0.1 ml of oil was added to 10 liters of water. In 
this case difficulty was experienced in reclaiming all the 
oil from such a diluted system. Since coprostanol is a 
lipid and is insoluble in water, it may be possible that 
this chemical could become trapped in lipid materials of 
water or feces, and this may be the reason for the observa¬ 
tion of coprostanol pulses in the South River. 
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Part V. Studies on Degradation of Coprostanol 
A search of the literature revealed a lack of 
information concerning the behavior of coprostanol when 
exposed to substances and microorganisms which are found in 
the environment. For this reason studies were conducted 
to determine the effect of various chemicals and micro¬ 
organisms on coprostanol. 
In sections A and B below, the suspensions of fecal 
sterols were prepared by dissolving 1 mg of fecal sterols 
in approximately 15 ml ethanol and making up to 500 ml with 
the aqueous phase. 
In preparation for GLC and TLC in sections A and 
B, hexane extractions were carried out. Each tube received 
5 ml hexane; the tube was covered with a rubber stopper 
and shaken in a 90° arc 25 times. (It was determined that 
the rubber stopper did not interfere with cholesterol or 
coprostanol detection by GLC or TLC.) The layers were 
allowed to separate and the hexane was removed with a 10 ml 
propipet, taking care to prevent carry-over of any of the 
aqueous phase. The hexane was removed by evaporation, under 
a stream of air, and the samples were analyzed either by 
TLC, where recovered sterols were dissolved in 50 ul 
chloroform and spotted on TLC plates, or by GLC, where 
DMFsil preparation was added to the extracted sterols. 
A. The effects of various chemicals on the recovery 
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of coprostanol in water. Seventeen different chemicals, 
including oxidizing agents, reducing agents, acids, bases, 
and surface active agents, were added to 10 ml suspensions 
of fecal sterols in tap water dispensed in test tubes. All 
tubes except those that were to be aerated, were held at 
37 C for 2l± hr. The aerated sample was held at room tem¬ 
perature for ij. days. 
Table 28 lists the results obtained for GLC deter¬ 
mination of coprostanol recovered after treatment with 
various chemicals. In this table the concentration repre¬ 
sents the final concentration of the chemical with which 
coprostanol was in contact. These data indicate that 
reducing agents and organic as well as mineral acids had 
very little to no effect on coprostanol recovery. Alkali 
and basic salts showed a slight effect. Hexameta phosphate 
(Sparkleen), quatanery ammonium compound (Mikroquat), and 
sodium hypochlorite, appeared to cause a moderate reduction 
in the recovery of coprostanol. The most effective compound 
for reducing the amounts of recoverable coprostanol was 
the anionic detergent, sodium lauryl sulfate, a common 
ingredient of toothpaste. Relatively low concentrations 
{0.1%) of this compound were effective in preventing copro¬ 
stanol from being recovered. 
For the TLC determinations coprostanol was exposed 
to 2 different concentrations of all chemicals except 
TABLE 28. Effect of various chemicals on recovery of 
coprostanol from water 
Ilk 
Treatment % Concentra¬ 
tion 
% Coprostanol 
Recovered 
Control - 100 
Ascorbic acid 1.0 100 
Sodium thioglycollate 0.1 100 
Hydrochloric acid 1.1 100 
Formic acid 0.88 94-5 
Acetic acid 1.8 94-5 
Hydrogen peroxide 0.3 94-5 
Sodium carbonate 1.0 94.5 
Chromic acid 1.0 94.5 
Chromic acid 5.o 94-5 
Potassium hydroxide 4.0 83.5 
Aerated 4- da - 83.5 
Sodium chlorate 1.0 80.5 
Potassium dihydrogen phosphate 1.0 79 
Sodium metaphosphate 1.0 77.5 
Chromic acid 33.0 71 
Sodium bicarbonate 1.0 70 
Sparkleen 0.04 65 
Mikro Quat 0.01 55.6 
Clorox 0.05 54-5 
Sodium lauryl sulfate 0.01 28.9 
Clorox 0.5 26.1 
Mikro Quat 1.0 7.8 
Clorox 2.5 5.5 
Sparkleen 1.0 5.5 
Sodium lauryl sulfate 0.1 o.5 
H5 
hyamine, where 1 drop of hyamine was added to the coprostanol 
suspension for each analysis. Tubes of 10 ml of aqueous 
coprostanol suspension were made up to 0.5$ chemical con¬ 
centration, and 5$ chemical concentration, and held 2lj. hr 
at 37 C. Fig. 27 shows the results for tubes of 0.5$ con¬ 
centration and Fig. 28 shows the results for tubes of 5$ 
concentration. 
No coprostanol was observed in the presence of 
hyamine, sodium lauryl sulfate, and Sparkleen at either 
concentration. No cholesterol could be detected in the 
presence of 5$ Sparkleen. 
B. The effects of microorganisms on the recovery 
of fecal sterols. The aqueous phases in which coprostanol 
was suspended for these studies were sewage effluent and 
Brain Heart Infusion broth; both of which were enriched 
with fecal sterol, dispensed in 10 ml aliquots in test 
tubes, and autoclaved, prior to inoculation. The aerobic 
and facultative microorganisms employed in these studies 
were isolated from animal fecal suspensions, soil, and 
sewage, as indicated in Tables 29 and 30. 
The tubes containing 10 ml enriched sewage were 
inoculated with a heavy inoculum of bacteria and incubated 
3-1/2 mo at room temperature. The fecal sterols were ex¬ 
tracted and 20$ of the recovered sterols were spotted on 
thin layer plates. Results for TLC analysis are shown in 
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Fig. 27. TLC of fecal sterols recovered from samples exposed 
to various chemicals for 2h hr at 37 C 
(concentration of chemicals 0,5%). 
Fig. 28. TLC of fecal sterols recovered from samples exposed 
to various chemicals for 2h hr at 37 C 
(concentration of chemicals 5%)• 
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TABLE 29. Sources and types of microorganisms studied in the 
biodegradation of fecal sterols in enriched effluent 
Org. # 
Description 
Source Gram Stain Morphology Name 
132 chicken -ve rods 
131 Pig -ve rods 
129 Pig -ve rods 
128 Pig -ve rods 
127 Pig - - 
126 horse -ve rods 
125 horse 
122 sewage 
121 sewage 
142 horse +ve cocci 
138 cow +ve cocci 
137 cow +ve cocci 
136 cow -ve rods 
135 chicken 
133 chicken +ve spore 
130 Pig 
121; horse 
31 
- tetrads 
P 
A 
aeruginosa 
aerogenes 
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TABLE 30. Sources and types of microorganisms studied in 
the biodegradation of fecal sterols in enriched 
brain heart infusion 
Org. Name Source Gram Stain 
# 
31 P. aeruginosa 
36 S. aureus 
37 Enterococci 
50 M. smegmatis 
142 horse +ve 
143 horse -ve 
5 A. aerogenes 
11 Arthrobacter citreus 
28 E. coli 
29 A. aerogenes 
30 Staphylococcus 
42 soil 
123 horse -ve 
124. horse 
134 chicken 
1 E. coli 
3 E. coli 
6 E. coli 
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TABLE 30.--Continued 
Org. 
# 
Name Source Gram Stain 
9 Coliform type 
15 soil -ve 
17 soil -ve 
18 soil 
101 human feces 
106 sew. ef. -ve 
109 sewage -ve 
110 sew. ef. 
112 sewage 
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Figs. 29 and 30. Fecal sterols were recovered from all 
samples studied and no significant changes were observed. 
The tubes containing 10 ml enriched Brain Heart 
Infusion were likewise inoculated and incubated at room 
temperature for 3 to 6 days. Results are shown in Figs. 3 
32, and 33* Fecal sterols were recovered from all samples 
studied and while changes occurred they could not be con¬ 
sidered significant. 
C. The effects of long term exposure to sewage 
microorganisms. In order to determine the effects of sewage 
microorganisms on coprostanol over a long period of time, 
6 liter samples of chlorinated sewage effluent, raw sewage, 
and sewage effluent, were held in 20 liter carboys at room 
temperature for 5 mo. After this time two 100 ml aliquots 
from each carboy were membrane filtered and the membrane 
analyzed for indicator organisms. No coliforms or fecal 
streptococci were detected. Sterols were analyzed by TLC 
of the hexane extract from 2.8 liters of sample. The re¬ 
sults are presented in Fig. 34* Contrary to the results 
obtained for the indicator organisms, readily detectable 
quantities of fecal sterols were found in all samples. 
Discussion. The study involved with the degradation 
of coprostanol by chemical means showed that oxidizing 
agents, reducing agents, and acids had little, if any, 
effect on the recovery of coprostanol. On the other hand, 
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Fig* 29. Thin layer chromatograph of fecal sterols recovered 
from fecal sterol enriched sewage effluent inoculated 
with various bacteria incubated 
3§ mo at room temperature* 
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Fig. 30. Enriched sewage effluent incubated 3\ • 
12 U 
Fig. 31. TLC of fecal sterols recovered from BHI broth 
enriched with fecal sterols (BHI+F.S.) incubated 
72 hr at room temperature. 
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Fig. 32. TLC of fecal sterols recovered from BHI broth enriched 
with fecal sterols (BHI+F.S.) incubated 96 hr at room temperature. 
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Fig# 33* TLC of fecal sterols recovered from BHI broth enriched 
with fecal sterols (BHI+F.S.) incubated 130 hr at room temperature. 
Fig. 3I4. Recovery of fecal sterols from sewage samples held 
5 mo at room temperature. 
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clorox and the surface active compounds, sodium lauryl 
sulfate, Sparkleen, Mikroquat, and hyamine, greatly reduced 
the amounts of coprostanol recovered. It should be noted 
that most of these compounds are in common use in the home, 
food processing plants, and other industrial processes to 
the extent that the concentrations of these compounds, when 
introduced into the municipal systems, may very likely 
affect the coprostanol present in the sewage. Clorox and 
Mikroquat are immediately inactivated by complexing with 
organic matter, and are considered to be bactericidal, 
while sodium lauryl sulfate, at a concentration of 0.01$, 
is often used as a selective agent in the isolation of 
coliform bacteria. Thus on the basis of sodium lauryl 
sulfate content in water, it is possible to get low recovery 
of coprostanol while coliform counts remain high. 
Very little loss of sterols occurred after long 
periods of contact with selected bacteria in sterile sewage 
effluent enriched with sterols. When pure culture bacteria 
were grown in enriched BHI very little loss of sterols was 
detected after 3, 4, or 5 days of growth at room temperature. 
The results from both sewage effluent and BHI showed that 
fecal sterols were not readily metabolized by pure culture 
aerobic or facultative microorganisms with which they 
commonly come in contact. It is most probable that both 
degradation and synthesis are the result of a number of 
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interactions between different microorganisms. 
Sterols were detected in sewage samples which were 
held for 5 mo at room temperature, whereas no viable in¬ 
dicator organisms were found. At the present time the use 
of indicator organisms, e.g., coliforms and fecal strepto¬ 
cocci, are the most common qualitative and quantitative 
methods employed for the determination of fecal pollution. 
Any new test proposed as a substitute for, or adjunct to, 
the indicator organisms must compare favorably with the 
latter. Consequently, it must be concluded from the 
results presented here that the detection of coprostanol 
cannot be correlated with the presence of indicator 
organisms, thus excluding it from consideration as a 
quantitative indicator of fecal pollution in water. 
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GENERAL CONCLUSIONS 
Coprostanol is reported to occur only in fecal 
material (39) and is the major neutral sterol in feces. 
It has been suggested (30) that coprostanol may make a good 
indicator of fecal pollution in water. Studies were under¬ 
taken to evaluate the suitability of coprostanol for this 
purpose. 
It was found that coprostanol could be detected 
and quantified in 1 working day while the tests for in¬ 
dicator organisms require from 18 to 1+8 hr to complete. 
The present methods of quantification involve the use of a 
gas chromatograph, and for samples such as surface waters, 
large amounts must be extracted to obtain detectable amounts 
of coprostanol. The preparation of the sample for quantifica¬ 
tion entails cumbersome procedures and meticulous cleaning 
of equipment. 
The levels of coprostanol found in animal feces 
and in the feces of human infants under 1 year of age are 
very low and therefore are difficult to detect, compared 
with coprostanol levels in the feces of humans older than 
1 year. The indicator organisms for animals and humans are 
on comparable levels. 
Coprostanol may increase in human fecal suspensions 
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at temperatures found in surface waters. In laboratory ex¬ 
periments the recovery of coprostanol was influenced by 
concentration, temperature, aeration, and the source of 
the sterol. 
Poor correlation was found between indicator 
organisms and coprostanol in sewage influent, and in 
polluted, stream water. Under the same circumstances 
positive correlation was found between coliforms and fecal 
streptococci. 
In polluted streams high levels of coprostanol were 
often accompanied by low numbers of indicator organisms and 
low levels of coprostanol were often accompanied by high 
numbers of indicator organisms. On several occasions pulses 
of coprostanol occurred with no corresponding change in in¬ 
dicator organism counts. 
Suspended or dissolved, organic matter apparently 
interferes with the coprostanol, lowering the recoverable 
quantities. Sodium hypochlorite and surface active chemicals 
were found to diminish the recovery of coprostanol in water. 
Coprostanol was found to persist in sewage and in a 
small brook over periods of time greatly exceeding the 
viability of indicator organisms. 
It must be concluded from these investigations that 
coprostanol cannot be recommended for use as a quantitative 
indicator of fecal pollution in water. 
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ABSTRACT 
Studies were conducted to evaluate the possibility 
of using coprostanol, Cholestan-3B-ol, as an indicator 
of fecal pollution in water. The fate of this sterol was 
followed in the environment as -well as when subjected to 
various conditions in the laboratory. Fecal sterols were 
quantified by gas liquid chromatography. 
The persistence.of coprostanol was found to be in¬ 
fluenced by source, concentration, temperature and aeration. 
The quantities of coprostanol in human feces were found to 
be between 5>0 and lf>0 times higher than in animal feces, 
while the indicator organisms were on a comparable level for 
all fecal specimens examined. 
When the recovery of coprostanol was compared with 
coliforms and fecal streptococci in sewage influent poor 
correlations were obtained, but when coliforms were compared 
with fecal streptococci fair correlations were found. Sewage 
effluent yielded fair to good correlation coefficients when 
indicator organisms were compared with coprostanol, but 
correlations between coliforms and fecal streptococci were 
excellent. 
Studies conducted on a polluted stream revealed that 
on a number of occasions very high levels of indicator 
organisms were accompanied by low levels of coprostanol, 
whereas on other occasions high concentrations of copro¬ 
stanol were accompanied by very low numbers of indicator 
organisms. Pulses of coprostanol occurred suggesting that 
coprostanol was being trapped in substances that are not 
miscible in water, or that the sterol was coalescing. These 
pulses were not accompanied by any significant changes in 
the numbers of indicator organisms. Little or no correla¬ 
tion was found between indicator organisms and coprostanol, 
but correlation between coliforms and fecal streptococci 
was good. 
Studies using very small amounts of vegetable oil 
to extract coprostanol demonstrated that it is possible for 
lipids in water to trap coprostanol, possibly causing erratic 
results when sterols are compared with indicator organisms. 
The temperature and concentration of human fecal 
suspensions greatly influence the biological reactions in¬ 
volving coprostanol. Low temperature (20 C) and moderate 
concentration (0,2%) favor coprostanol synthesis, while 
high temperature (37 C) and high concentration (l+%) enhance 
coprostanol degradation. 
Surface active compounds such as hexameta phosphate, 
sodium lauryl sulfate, and quaternary ammonium compounds may 
grossly affect the recovery of coprostanol. Sodium hypochlorite 
had a similar effect. Acids, alkalies, oxidizing agents, and 
reducing agents demonstrated very little effect on the re- 
covery of coprostanol. 


